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PREFACE. 



To those who are conversant with the present 
commercial state of the British sugar-producing 
colonies, it would be useless to point out the great 
depreciation in value which property therein has 
within a few years undergone. Many of those per- 
sons, unfortunately, are too well acquainted with 
the fact. Nevertheless it would appear, that ge- 
nerally, even by those whose position would lead 
us to give them credit for more accurate informa- 
tion, the actual position and capabilities of those 
countries are subjects but ill understood, though 
involving questions of the highest interest. 

We have the strongest evidences to show, that 
many plantations which formerly were productive 
of large revenues to the owners, have not during 
the last few years paid the expenses necessary to 
keep them in cultivation ; and instead of represent- 
ing the large capital invested in their formation or 
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purchase have become altogether worthless and 
unsaleable. 

This unhappy change has elicited various opi- 
nions respecting its cause ; and these opinions have 
necessarily influenced the views that have been 
taken of the future prospects of those dependencies, 
and of the measures to be adopted for their relief 
and improvement. 

For instance, we are often told by inconsiderate 
persons, that the British sugar colonies are worn 
t)ut, that they have become exhausted; that, as 
regards the fertility of their soil, &c., they are 
altogether inferior to the foreign possessions in 
their neighbourhood, and that no measures that 
can be taken will enable them to compete with 
those countries, which are not only more blest in 
this respect, but which, moreover, enjoy the bene- 
fits of cheap labour. 

Another party with a sufficient degree of self- 
complacency, resolves the explanation of "West 
India distress," by the terms which are so often 
misused — "absenteeism and extravagance;" upon 
which they are accustomed to fSund charges of 
mismanagement against the entire body of pro- 
prietors. 

In answer to these assertions, it may be suffi- 
cient to say, that so far from the British West 
India colonies being less fertile than other tropical 
countries, if we may judge by the products per 
acre obtained from^ each, the reverse will be found 
to be the case; and that, so far from their soil 
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being worn out or exhausted, the heaviest crops 
have been and are usually obtained in those islands 
which have been under* cultivation for the longest 
period — that is, in proportion to the agricultural 
knowledge displayed, and not to the newness of the 
soil. 

The general charges of absenteeism and extra- 
vagance, even if admitted to be general, would fail 
to explain the changes which have taken place: 
because it is well known that absenteeism pre- 
vailed, at least, to an equal extent formerly as it 
does at the present time ; and that the same parties 
to whom extravagance is imputed, have realized 
large incomes from estates which now yield no- 
thing. 

The West Indian proprietor, on the other hand, 
regards the measures which have been pursued to- 
wards those colonies since 1833, as the causes of 
his present misfortunes. '^ Nothing, he contends, 
has happened that might not have been confidently 
expected. During the period of slavery the want 
of labour was unknown, for the great majority of 
the population was compelled by law to work upon 
the plantations from day to day. But when that 
great social change effected by *The Emancipa- 
tion Act' took place, vast numbers of the freed 
people betook themselves to other occupations 
natural to a free community; many to desultory 
pursuits, squatting, and vagrancy; while those 
who continued to work were, from the fewness of 
their number and the urgent necessity for their 
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services, enabled to dictate their own terms to their 
employers. The colonies which suffered most from 
this cause, endeavoured by every means in their 
power to counteract its effects by the importation of 
labourers from abroad. But instead of receiving as- 
sistance, their efforts were checked (in a quarter 
where they least expected) by the restrictive measures 
of the home government." 

This statement is indisputably true. And there 
can be little doubt that, had the abolition of slave 
labour been simultaneously coupled with the mea- 
sures which have since been adopted, and the 
enormous protection given to British sugars been 
taken away, the utter and entire ruin of those 
colonies would have been long since consummated. 
As it was, many estates were immediately thrown 
out of cultivation, and the others continued to 
struggle on soldy in consequence of the very 
high price which their produce yielded in the home 
market. ^ 

These high prices, however, it was evident could 
not long be sustained, and to relieve the consumer 
foreign sugars, the growth of free labour, were 
admitted at greatly reduced duties. I do not think 
that the West Indian had any reasonable cause of 
complaint against this measure. It had at least 
the merit of being consistent with those which had 
preceded it; and had no restrictions at the same 
time existed, upon the introduction of labourers 
into our own possessions, its operation would not have 
been felt by the planter. 
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The object of the Sugar Duties' Act of 1846, is 
the immediate reduction of duties upon all foreign 
sugars, and their prospective equalization in a very 
short period on all sugars indiscriminately, whether 
of British or foreign growth, or the produce of free 
or slave labour. This Act professes to be based 
upon the principles of free trade, but its details show 
that it is very far from being so. It removes all pro- 
tection from sugars, the produte of British posses- 
sions; but it has not removed one single restriction 
imposed upon the grower. These may be stated to 
be as follow : — 

1st. Restrictions imposed upon the obtaining an 
increase of labour by immigration. 

The price of labour forms, indubitably, the 
most considerable item in the disbursements of a 
sugar estate in the British West Indies; the 
planter, therefore, naturally regards it as the chief 
obstacle to his competition with his foreign rival. 
In the Spanish West Indian colonies, and in Brazil, 
not only does slavery exist, but, in spite of all 
our efforts to check it, the slave trade continues. 
These of themselves, it might be supposed, would 
be formidable advantages on the side of the sugar 
planter in those countries. But they are not the 
only ones he possesses. If he choose to employ 
free labour, he can obtain it where he pleases; he 
can import it under any flag; he is not restricted 
by any Passenger Act; and he can enter into ar- 
rangements, by contract or otherwise, with the 
parties offering their services, either in the country 
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whence they come^ or in that where they are 
brought, without limitation of time. From these 
causes the Spanish planter could import labourers 
under a British flag, in an English vessel, at an ulti- 
mate cost of probably half that which is now paid in 
our own colonies. 

2d. Restrictions on the use of adequate means to 
obtain both a larger amount of extract, and also one 
of better quality than is now effected. 

Until a very recent period the planter was not 
permitted, in consequence of the fiscal regulations 
then in force, to import into this country sugar 
of a quality superior to that known as Mus- 
covado. 

It is to this cause that we must attribute the 
imperfect mode of manufacture at present practised 
in the colonies; for how can we expect to find im- 
provement when such effectual means are enforced 
to prevent it? Although the duties attached to 
sugars of different qualities have been greatly re- 
duced, they have not been equalised; and a very 
considerable protection is still kept up in fevour of 
the refiner. This system of taxation is in the high- 
est degree injudicious; for, to quote part of an ad-^ 
dress from M. Peligot to Admiral Duperr6, formerly 
minister of state for the French colonies, '^it has 
been demonstrated, that the sugar which pre-exists 
in the cane is white, and it is always so obtained 
when a part of it has not been destroyed. That 
the proportion which is obtained is consequently 
greater the less dark it is in colour.'' And he asks, 
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" What ought to be thought of a legislative measure 
which imposes upon industry the exorbitant ob- 
ligation of producing at the same time, what is bad 
in quality and small in quantity, and which places 
a barrier before one of those things which the 
laws ought most to respect, progressive ameliora- 
tion T 

3d. Restrictions on the importation of the raw 
material (that is, cane-juice in a state of inspissation) 
for manufacture in this country. 

The planter contends, " that he ought to be per- 
mitted to bring home his cane-juice in the form of 
a concrete, on the payment thereon of such a duty 
as will be commensurate with that at present at- 
tached to sugar and molasses ; or, that he should be 
allowed to manufacture it in bond, paying upon his 
extracts the duties fixed for sugars of corresponding 
qualities.'' 

If the planter feels that the difficulties attend- 
ant upon an improved manufacture in the colonies 
are for the present, at least, so great as to appear 
to him to be insuperable, he is right in making the 
foregoing demand ; and which, I should think, there 
would be little doubt of meeting with cordial re- 
ception by the Chancellor of the Exchequer, as it 
is demonstrative that the sugar duties would thereby 
be considerably increased in amount ; while, from 
the augmentation in quantity and the improvement 
in the quality, the public would, ccBteris paribus^ be 
supplied with a better article at a lower price. 

4th. Restrictions on the employment of saccha- 
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rine substances in the manufactures^ &c., of this 
country. 

If the West India proprietor is to be subjected 
to the disadvantages of free trade, it is manifestly 
simple justice that his produce should be free too, 
and should enjoy all the benefits that may be sup- 
posed to be obtained by that system of commerce. 
He hasy therefore, a right to demand that sugar, 
molasses and treacle, be used for any purpose that 
the purchaser may choose to apply them, on the 
payment of a duty equivalent to that now imposed 
on substances which their employment may be sup- 
posed to displace. 

5th. Restrictions imposed by the Navigation 
Laws. 

'^It is contended that the planter ought to be 
permitted to ship his produce on board of any 
vessel which will convey it cheapest, without dis- 
tinction of flag.'' 

6th. Restrictions on the importation into the 
colonies of merchandize the produce of foreign 
countries! 

''It is demanded that all discriminating duties 
cease ; that is, that all protective duties in the 
colonies in &vour of British manufactures, &c., be 
entirely repealed." 

7th. Restrictions on the importation of colonial 
spirits into this country. 

''As the colonies form a part of the British 
empire, the duty on colonial and home-made spirits 
should be the same." 
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Such are a few of the restrictions under which the 
British planter at present labours. I am disposed 
to agree with him in the belief that if some of the 
more important of them be not removed, or an 
equivalent be given to him in the shape of a dif- 
ferential duty, that no means which, unaided, he 
can pursue will save him from ruin. But, as 
the removal of the principal among them would 
be attended not merely with advantage to the 
colonies, but to the mother country likewise, I 
apprehend that their continuance will not be for 
long. 

The planter must, however, bear in mind that 
under all circumstances the struggle will be a great 
one ; and if all those restrictions were entirely, and 
in the fullest sense of the word, abolished, the diffi- 
culties of his position would still be very considera- 
ble, and the means of removing them completely 
would have to be sought for. Strenuous exer- 
tions, indefatigable efforts, however necessary, are not 
the only things that would be required on his part, 
but if success is to be expected, those efforts would 
have to be properly directed. A perusal of the fol- 
lowing pages will show how little has hitherto been 
done in this respect, and how much may be ex- 
pected from it. 

Nothing is more certain, I think, than that labour 
in free countries is cheaper than in those in which 
slavery exists. Labour is not to be estimated solely 
by its cost, but by the results obtained from it. In 
England the wages given to workmen in certain 
2 



18 PREFACE. 

branches of manufacture are considerably higher 
than those paid to the same class of workmen on 
the continent of Europe ; and yet, if the respective 
sums be measured by their results, it will be found 
that labour is cheaper in the former country than 
in those of the latter. Ask a London sugar-refiner, 
"Which would be the most remunerative to him, 
the requisite number of negroes to carry on the pro- 
cess of sugar-boiling as at present practised in the 
colonies, free from all charge except their mainte- 
nance; or the requisite number of skilled workmen, 
receiving the usual rates of wages, to carry on the 
work of a well-appointed refinery ?" Or ask a far- 
mer, " Whether he considers the maintenance of 
one hundred human beings, men, women, and chil- 
dren, for the purpose of cultivating an equal number 
of acres of land, as remunerative as the means he 
now employs ?" 

We ought to feel proud and thankful that the 
odium of slavery does not now attach itself to the 
British people ; and it is to be regretted, although 
scarcely to be expected, that .the injurious systems 
begotten during the period of its existence were not 
abolished at the same time. 

An attempt to continue the same modes of agri- 
culture and manufacture with a free people, and, 
therefore, by money payments, as are in operation 
in countries where slavery is established, must 
necessarily entail a ruinous competition, however 
numerous the labouring population may be. Bar- 
badoes, for instance, with all her advantages of cli- 
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mate and soil, and with available field labour in 
proportion to extent of surface, numerically double 
that of England, cannot, while the old systems are 
pursued, produce sugar at the price for which it 
can be grown in Cuba and Brazil; and a competi- 
tion with them would, it is evident, under such cir- 
cumstances ultimately prove a very destructive one 
to her. 

But can any one suppose that such will always 
be the case ? Can it be imagined that some excep- 
tion is made to the West Indies, and that there 
alone, of all parts of the world, the struggle be- 
tween free labour and that of slaves must necessarily 
remain, as it certainly is now, a disadvantageous one 
to the former ? 

That the struggle may be successful to the Bri- 
tish planter, it is manifest that he must attain his 
purpose at the least possible expense; to effect 
which a. thorough knowledge of his art, as well as 
the judicious application of the labour which he 
may command, are essentially necessary. 

The object of the following work is to supply him 
with the means of acquiring a knowledge of those 
principles which ought to guide him in the art of 
making sugar, — a want that has long been felt. I 
have confined myself exclusively to this subject, and 
if I have not alluded to the sister branch of agricul- 
ture, it is not from considering it less important, but 
because its general principles will be found in works 
of much higher authority, and their application to 
tropical countries has formed the subject of an admi- 
rable little book by Dr. Phillips. 
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How far my object has been fulfilled I leave my 
readers to judge. I can at least assure them that I 
have spared no pains in my attempt. If I succeed 
in infusing among planters a spirit of inquiry into 
those branches of science which are closely asso- 
ciated with their pursuits, or if I excite the interest 
of some better qualified person than ^myself on a 
subject of such vast importance to our intra-tropical 
coloniesi I shall be amply i&tisfied. 



London f July^ 1847. 
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CHAPTER I. 

PLANTS, THEIR MODE OF GROWTH AND DEVELOPMENT. — PROXI- 
MATE VEGETABLE PRINCIPLES, NON-AZOTIZED. ^AZOTIZED. 

— CATALYSSIS. — SAL rs. 

To prosecute with success any branch of art or 
manufacture, a knowledge of the principles on which 
the art or manufacture is based is indispensable. 
It will, I think, be admitted, that of two persons 
pursuing the same industrial occupation, the one 
who brings to his assistance an acquaintance with 
the laws by the operation of which the effect sought 
to be obtained are governed, will possess advantages 
over the other, and that his efforts will present a 
greater chance of success. 

The object of the sugar-maker is that of separat- 
ing from cane juicef a fluid composed of a great 
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variety of substances, one of its components, sugar, 
in the greatest abundance and most marketable form. 
This operation is essentially a chemical one; and 
although it may not require that the person perform- 
ing it should be a chemist in the full sense of the 
wordy yet some acquaintance with that science would 
prove beneficial to him in many respects. 

It is owing to the cultivation of the beet-root, and 
the art of extracting sugar from its juices haying 
fallen immediately under the observation of the che- 
mists of Europe, and having, consequently, received 
all the assistance that science could bestow, that that 
branch of industry has made, within a few years, 
such a great and rapid development; whereas, on 
the other hand, it is chiefly from the want of such 
aid that the sister art in the colonies remains to this 
day almost in its primitive state. Far removed from 
the sphere of European science, the planter cannot 
avail himself of the advantages of its immediate 
assistance at any moment that he may require it ; 
he must trust exclusively to himself and his own 
resources in every emergency that may arise ; there- 
fore, an adequate knowledge of his profession is even 
more necessary to him than to those who follow a 
corresponding occupation in Europe. 

That the reader may more clearly comprehend 
the principles on which the manufacture of sugar 
is based, I shall lay before him a slight sketch of a 
few of the chemical and physiohgicalhoXs from which 
they have been deduced. To enter as fully as I 
could desire upon a subject so interesting would 
require a space far beyond the limits of a work like 
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the present : I must, therefore, refer those who are de- 
sirous of prosecuting it to other sources of informa- 
tion. 



The more perfectly organised vegetables consist 
essentially of three parts — the root, the stem, and 
the leaves. By the root the plant is fixed in the 
soil ; whilst its stem, branches and leaves are ex- 
panded in the atmosphere. The organs which enter 
into the formation of the stem are the ceUular tissue^ 
the vessdsy the woody fibre^ and the harh ; but they 
are found arranged in a different manner in the two 
subdivisions of the phanerogamiae, or flowery plants. 
In exogens these parts are separated by distinct 
lines of demarcation. The cellular tissue is in the 
centre, in the shape of the pith, and in the medullary 
rays, which, diverging from the former, run towards 
the circumference. Around the pith are placed the 
vessels and woody tissue in concentric circles. These 
are surrounded by the bark, which is very distin- 
guishable and easily separated. In the endogens 
the cellular tissue is diffused through the entire 
stem, the vessels and woody fibre being dispersed 
irregularly through it; and the bark, instead of 
being slightly attached to the parts within it, can 
be with difficulty distinguished, owing to its being 
gradually blended with them. 

The roots as they leave the lower part of the 
stem present a similar structure to the stem itself, 
but towards their extremities they consist merely 
of bundles of vessels surrounded by white, soft, and 
ipongy cellular tissue. It is by these spongy ex- 
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tremities that the liquid and gaseous matters enter 
into or escape from the interior of the root. 

The branches, when they exist, are mere expan- 
sions of the stem ; and the leaves may be considered 
as a still further extension of these parts, for the 
vessels and woody fibre are continued into them. 
Interspersed through the leaf and between the ra-, 
mifications of its fibres is a cellular tissue and a 
green colouring matter, called chhi'ophylle. 

It is obvious that a plant must receive its nourish- 
ment either from the soil in which it is fixed by its 
root, from the atmosphere by which its stem, 
branches, and leaves are surrounded, or from both 
sources. Numerous experiments have established 
that the latter is the case. 

All soils consist essentially of inorganic salts, 
some of which are soluble, others insoluble, in 
water; variable proportions of organic matters; 
and of water, holding in solution a little of the for- 
mer and certain gases, particularly carbonic acid 
and ammonia, which result from the decomposition 
of the latter. Carbonic acid is composed of the 
two elements carbon and oxygen^ and ammonia of 
the two elements hydrogen and nitrogen. 

The atmosphere consists of a mechanical mixture 
of nitrogen, oxygen and carbonic acid, in the pro- 
portion of 75-55 parts by weight of the first, 23-32 
parts of the second, and 0*1 part of the last in 100. 
To thes^is added a variable quantity of watery 
vapour. 

If these be the only sources whence vegetables 
can obtain their nourishment, it follows that what- 
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ever be the substance produced bj the vital pro- 
cesses going on in plants, its chemical composition 
must consist of a combination of one of the four 
elements, oxygen, hydrogen, nitrogen, and carbon. 

The water holding some of the fore-mentioned 
substances in solution is absorbed from the soil by 
the spongy extremities of the root. Thus combined, 
it constitutes what is called the crude sap, which is 
ultimately carried by the vessels of the stem to the 
leaves, where it undergoes a great change. In the first 
place a large portion of it is eliminated by a process 
called exhalation^ and which resembles that of per- 
spiration in man. Secondly, the carbonic acid is 
decomposed, the oxygen being set free and evolved 
into the atmosphere, while the carbon remains; and, 
lastly, a quantity of carbonic acid is likewise al)- 
sorbed from the surrounding atmosphere, which is 
likewise decomposed in a similar manner. 

These processes are very much expedited by 
solar light and heat. During night the evolution 
of oxygen by the plant ceases, indeed, the reverse 
takes place, for it now emits carbonic acid and ab- 
sorbs oxygen. Still, as a general rule, the quantity 
of carbonic acid given off during night is far from 
being equal to that which is absorbed during the 
day. 

The sap having thus been deprived of a great 
portion of its water, and its carbonic acid having 
been converted into carbon, has necessarily under- 
gone a great chemical change; and being now 
fitted for the purposes of nutrition, it commences 
its descent through the stem. 
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Besides the power of absorbing fluids and gases, 
the root possesses the faculty of separating from 
the sap certain excrementitious substances not 
essential, probably injurious, to its nutrient quali- 
ties. From this cause soils are often impregnated 
with matters excreted by one kind of plant which 
may materially affect others which have been 
subsequently grown upon it. 

It is this faculty that vegetables possess of ex- 
tracting their nourishment from inorganic matter, 
that constitutes the great characteristic distinction 
between them and animals. Plants may, therefore, 
be considered as the great purveyors of food for 
the whole animal creation, every member of Which, 
either direptly or indirectly, depending upon them 
exclusively for its supply. 

If wh^t I have stated be true, animals and vege- 
tables must necessarily be composed of the same 
ultimate elements, and such, indeed, is found to be 
the case ; and in the great operations of nature each 
of these two classes of created beings mutually 
provides sustenance for each other. 

All organic substances, that is, all substances 
which owe their origin to vital action, whether 
obtained from the animal or vegetable kingdom, are 
composed of four elementary bodies only, namely, 
oxygen, hydrogen, carbon, and azote or nitrogen; 
two others only, sulphur and phosphorus, being occa- 
sionally associated with some of their compounds. 

This paucity of ultimate elements is compensated 
by the wonderful property which the four first 
mentioned possess of forming with each other al* 
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most innumerable combinations. We see the re- 
sult of these combinations hourly in all the various 
products of the organic v^orld; in that incompre- 
hensible centre of human thought and intellect, the 
brain of man ; in the structure of the most simple 
cell which constitutes the earliest rudiment of vital 
tissue; in the hardest timber, or in the soft and 
fragile mould and mildew. Now we view them in 
the form of crystal: at another time as a powerful 
acid ; again as a bland and liquid mucilage, or as the 
most intense of the known poisons. 

The aflSnities which bind these elements together 
in all such compounds are weak and easily disturbed 
when the force by which they were originally pro- 
duced has ceased to exist, and the laws of inorganic 
matter have come into play. The carbon and oxy- 
gen then have a tendency to combine and form 
carbonic acid, and hydrogen and nitrc^en to form 
ammonia. 

All the proximate principles which enter into 
the structure of a plant are formed by a blending 
together of these elementary bodies in various pro- 
portions; but as some of them contain nitrogen 
and others do not, they are divided accordingly 
into the non-azotized and azotized proximate prin- 
ciples. 

The ntm-^zotized proximate principles of vegetables 
are very numerous. They are subdivided into 
those in which the carbon is united to the oxygen 
and hydrogen, in the proportion of each necessary 
to form water; and into those in which this pro- 
portion of the two latter elements is not observed. 
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Of the former, those which offer the greatest in- 
terest to the planter are the following: dextrine^ 
starchy ceUuhse or cellular tissue, lignin or woody 
fibre, the various gumSy mtccilagef and sugar of differ- 
ent kinds. 

Dextrine is an essential component of the sap of 
all plants. As it possesses the same chemical com- 
position as starch and gum, and many of the phy- 
sical properties of the latter, it has been frequently 
confounded with it; but there is one essential dif- 
ference between the two, that dextrine is capable 
of being converted into sugar by the action of sul- 
phuric acid or diastase, but gum does not possess 
this property. Gum, too, may be considered more 
in the liofht of an excretion or exudation on the sur- 
faces of plants, than an essential component of their 
juices. 

Dextrine would appear to be the source whence 
the greater number, if not all the organs of a plant 
are formed. We are justified in assuming that the 
sap contains in soliition the substances necessary 
for the construction of the entire fabric of the 
vegetable. The only materials whose nature ad- 
mits of their solution, of all those found in vege- 
table non-azotized bodies, are dextrine and sugar; 
but many full-grown plants contain an amount of 
sugar quite insufficient for the purpose, while dex- 
trine is found in all. There are, however, excep- 
tions; for instance, in the sugar-cane the quantity 
of sugar is incomparably greater than that of dex- 
trine, particularly when the plant has acquired a 
certain age. But even in this case it is not impro- 
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bable that the sugar may be converted into dextrine 
previously to its ultimate conversion into the other 
tissues. 

The chemical composition of dextrine is comprised 
in the formula: carbon, 12 atoms; oxygen, 10 atoms; 
and hydrogen, 10 atoms. As the amounts of the 
two latter elements are equal to 10 atoms of water, 
dextrine may be said to be composed of 12 carbon + 
10 water. 

Starch — This proximate principle is very gene- 
rally diffused through the vegetable kingdom. 
When removed from the plant in which it has been 
formed, it is found to consist of minute granules, 
each of which, when viewed under the microscope, 
has the appearance of a globular or spheroidal cell, 
and is composed of a substance very analogous to 
gum, inclosed in a thin, but very firm envelope, to 
which its consistence is owing. These grains re- 
sist the action of many chemical re-agents; but 
when exposed to a heat of 180°, the pellicle bursts, 
and its contents are liberated. This is the explanar 
tion of the fact that starch dissolved in hot water 
can never be restored to its original form. When 
in this state of solution it is quickly converted into 
dextrine by the addition of a small quantity of sul- 
phuric acid or diastase, a substance presently to be 
described. If this mixture be boiled for some time 
it gradually acquires a sweet taste, from the con- 
version of the dextrine into one of the varieties of 
sugar, glucose. 

Starch forms a large proportion of the weight of 
those seeds and roots employed by man as food. 
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Its use in the economy of the plant appears to be 
as a dip3t of nourishment set by for its future 
exigencies, being admirably adapted to the purpose 
from its easy conversion into dextrine or sugar. 
We have an interesting example of these changes in 
the germination of seeds. The composition of starch 
is identical with that of dextrine. 

Gum. — The variety of gum with which we are 

beat acquainted is the produce of several species of 

scaeia. It exudes from the branches and stems of 

these trees, and is collected in rounded drops or tears. 

A substance closely resembling it in every respect 

wsults from changes produced by certain re-agents 

00 sugar. Gum, however, that is, the substance 

kaowu as gum-arabic, cannot be converted into sugar 

\Sf aar means with which we are acquainted. Its 

imposition is the same as that of the before-men- 

tiiHwi pn>ximate principles. 

MMibuft is closely allied to gum in many of its 

9ie(wrti^ It enters into the formation of certain 

ygti|irf many vegetables, as in linseed, quince-seed, 

ift tb^ cvvte of the mallows, &c., and is the chief 

imMlilWttt of );um-tragacanth. By the addition of 

^^fe^ttnc acid, it is convertible into glucose, or the 

^Mfrgf fruits. According to Mulder, its composi- 

.^^m^il^ij^yrbvMU "-4; oxygen, 19; hydrogen, 19; or 

,^gllil^^ > watt^n 19. 

OyyUf^^rhiH proximate principle constitutes 

^^MttilHif twut" of all plants, Mulder states that 

^ 'iWteWif ^'^' ^^'^''^ ''^*^ incrusting matter, which 

jlirit^f"*' **^® ^'*'**** N^XKxly fibre, and vessels, 

of adding to their strength and 
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powers of resistance, it enters into the formation of 
all these parts. It consists of 24 atoms of carbon, 
united to 21 atoms of oxygen, and 21 atoms of 
hydrogen ; or carbon, 24 + water, 21. 

Woody Jibre^ obtained from newly-cut wood which 
has been boiled in successive portions of water and 
alcohol, according to Dr. Prout, is composed of 
carbon, hydrogen, and oxygen, in the proportions 
required to produce the formula : carbon, 12 ; hy- 
drogen, 8 ; oxygen, 8 ; or carbon, 12 + water, 8. 

Whether woody fibre or lignine, as it is some- 
times called, is really a substance different from 
cellulose, as the composition of each as given above 
would lead us to believe, or whether these differ- 
ences of composition may result from a combina- 
tion with some other matter in one case which does 
not exist in the other, it would be difficult to say ; 
nor is it necessary for our purpose to inquire. They 
are both composed of carbon + water, the ratio 
which the one bears to the other being the only 
difference observed. 

Sugar. — This substance is not exclusively found 
in the vegetable kingdom. Two of its varieties are 
found in excretions from animal bodies, namely, 
the sugar of milk, and that obtained from the urine 
of patients labouring under a peculiar disease. A 
third variety can be obtained from the gelatinous 
tissues of animals, by the action of sulphuric acid ; 
but as it differs from all the others in containing 
a small quantity of nitrogen, it is questionable 
whether it deserves a place in the category of these 
substances. The principal kinds of sugar found in 
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vegetables are three, namely, cane-sugar, glucose 
or the sugar of fruits, and mannite or the sugar of 
manna. 

Glucose. — It is to this variety of saccharine sub- 
stances that most of our well-known fruits owe their 
sweetness ; it is the sweet principle of brewers' 
wort, and is also found in many other vegetable 
substances. Although it possesses many of the 
properties of cane sugar, it nevertheless has other 
important peculiarities, which render it easily dis- 
tinguished : first, it is uncrystallizable ; secondly, 
it undergoes the vinous fermentation with great 
readiness; and, lastly, it has a different composition, 
consisting of 12 atoms of carbon, J2of hydrogen, 
and 12 of oxygen + 2 atoms of water, with which it 
is combined as with a base, and which it loses 
when it enters into combination with other bases. 
As found in nature in the state of a hydrate, or, 
in other words, combined with its basic water, it 
consists of carbon 12 + water 14. 

Mannite. — This is the chief ingredient of manna, 
an exudation from a species of ash ; it is also found 
in the juices of many other plants, particularly in 
those of New South Wales, and in certain sea- 
weeds. Cane sugar, when in a peculiar state of 
fermentation, is partially converted into it. Man- 
nite crystallizes in tufts of slender colourless 
needles. It cannot be made to undergo the vinous 
fermentation. According to Dr. Prout it is com- 
posed of carbon, 15 atoms; hydrogen, 16 atoms; 
and oxygen, 16 atoms; or carbon, 15 + water, 16. 
Whether any of this water is basic is unknown. 
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Cane-Sugar. — It is this variety of sugar that 
constitutes the substance so well known under this 
name. As a detailed account of its chemical and 
physical properties will be given hereafter, it will 
be sufficient, at present, merely to state its composi- 
tion, which consists of carbon, 12 atoms; hydrogen, 
10 atoms; and oxygen, 10 atoms+1 atom of water, 
with which it is, in its ordinary condition, always 
combined as with a base. It may be then said to 
be composed of carbon, 12+water, 11. 

A glimpse at the following table, in which the 
names and composition of the proximate principles 
described above are placed in juxtaposition, will 
show us the chemical resemblance they bear to 
each other, and enable us to understand how 
bodies so dissimilar in their physical properties may 
be mutually converted into each other from slight 
disturbing causes : — 



Dextrine consists of • carbon 12 + water 10 


Starch . . . , 


12 + . 10 


Gum .... 


12+ . 10 


Cellulose . * . . * , 


24+ . 21 


Lignine . . . « 


12+ . 8 


Mucilage . 


24+ . 19 


Glucose, or sugar of fruits 


12+ . 14 


Mannite • 


15+ . 16 


Cane-sugar 


12+ . 11 



It is evident the conversion of any one of these 
bodies into any of the others is effected by the 
addition or subtraction merely of a small quantity 
of the elements of .water. Thus, by the addition 
of three atoms of water, cane-sugar is converted 
3 
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into glucose, and by a still less amount it may be 
transformed into dextrine. 

These operations are continually going forward 
during the life of every plant, and many of them 
are daily performed in the laboratory of the che- 
mist. By the action of heat, saw-dust may be con- 
verted into a nutritious substance, capable of un- 
dergoing the vinous fermentation, and which has 
all the chemical properties of starch. Sulphuric acid 
likewise produces a similar effect upon it. 

When starch is exposed in an oven to a tempera- 
ture of 300^, it is converted into a substance called 
British gum, which is extensively employed in the 
arts: it is dextrine. When starch is boiled with 
sulphuric acid, glucose is produced. This consti- 
tutes an extensive manufacture both in France and 
Germany, the syrup thus prepared being used for 
the purposes of brewing and distilling. 

These are but humble imitations by man of the 
great transformations effected by nature in the 
growth and development of all vegetables. To be 
able to understand more clearly how these wonder- 
ful effects are produced, it will be necessary to 
examine the other proximate principles of plants 
into the composition of which nitrogen enters as an 
essential element. 



OHAF. I. AZOTIZED PROXIMATE PRINCIPLES. 35 



The azotized proximate Principles. 

Although the mass of vegetable fabrics consists of 
carbon, hydrogen, and oxygen, there are other prin- 
ciples found in some part or other of all plants which 
required nitrogen for their formation. As compared 
with animals the amount of these substances, it is 
true, is but small, but their presence is not the less 
necessary ; for some of the most important func- 
tions of the vegetable economy could not be per- 
formed without them. Nitrogen is found in every 
plant from the period of its earliest development. 
The substances into the composition of which this 
element is essential are very numerous ; but those 
which it more immediaiielv concerns us to exa- 
mine in this place, from their universal presence 
throughout the whole of the vegetable creation, 
are the bodies which, from their resemblance to 
similar constituents of animals, have been de- 
nominated albumen, fibrine, and caseine, the term 
vegetable being prefixed to each to denote its 
origin. 

There are also two other bodies which exist in 
plants, but which are not found in animals : the 
one is a compound of fibrine and a substance called 
gliadine, and known by the name gluten^ the other 
is found only in germinating buds and seeds, in 
which it exists in considerable abundance : it is 
merely a modification of one of the above nitro- 
genised principles, and is called diastase. These 
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three first-mentioned nitrogenised principles approxi- 
mate very closely in their chemical composition; 
indeed, they are compounds of a haseproteine united 
to a very small quantity of either phosphorus or sul- 
phur, or both. Proteine, from whichsoever of these 
sources it is obtained, always presents the same 
chemical composition. 100 parts yield — 





From albumen. 


From fibrine. 


From cawine, 


Carbon 


65-30 


55-44 


5516 


Hydrogen 


6-94 


6-95 


7-19 


Nitrogen 


16-02 


16-06 


15-86 


Oxygen 


. 21-74 


21-56 


21-81 



100- 100- 100- 

These numbers give the empirical formula : car- 
bon, 40 ; hydrogen, 31 ; nitrogen, 5 ; oxygen, 12. 

Vegetabk albumen. — The substance to which 
this name has been applied is a compound of pro- 
teine, containing in 100 parts 033 part of phos- 
phorus, and 068 part of sulphur. The white of 
an eggj or the serum of the blood, will give us an 
idea of this body as it is found in animals. In 
vegetables it is found in almost all parts of their 
structure^ It occurs largely in their fresh juices, 
from which it can be thrown down in a solid form 
by many re-agents. 

When exposed to heat, albumen solidifies or 
coagulates, but the temperature required to pro- 
duce this eflFect varies with the amount of the sub- 
stance dissolved. If the amount equal that con- 
tained in the white of an egg, 145° of heat suffices; 
but if the solution be very dilute, boiling is 
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required, and the albumen then separates in the 
form of a light white flocculent precipitate. The 
soluble salts of lead, tin, bismuth, silver, and mer- 
cury form insoluble compounds with albumen, and 
thus throw it down from its solutions. The diace- 
tate of lead has the power of effecting this entirely. 
The mineral acids also precipitate it more or less, 
particularly the sulphuric, nitric, and metaphos- 
phoric. Alcohol and infusion of galls produce a 
similar effect. 

In dilute caustic alkali albumen dissolves with 
facility. 

The second variety of proteine compounds found 
as a proximate principle in vegetables is fibrine. 
This substance, as already stated, exists in a solid 
form, often combined with gliadine, in the seeds of 
certain plants. It is also found in solution in their 
juices, from which it is seen to separate in thin 
thready fibres, when removed from the influence 
of the vital action. It contains 0*33 part of phos- 
phorus, and 0*36 part of sulphur in 100. 

The third proximate vegetable principle contain- 
ing nitrogen, is likewise a proteine compound. 
From its similarity to the characteristic azotized 
component of milk it has been denominated caseine ; 
and frpm its existence in considerable abundance 
in the seeds of leguminous plants generally, as in 
peas, beans, &c., it is sometimes called legumin. 
It is also found in solution in most vegetable juices. 
Its solubility, however, is owing to the presence of 
an organic acid, or an alkali; for in pure water it 
is perfectly insoluble. As it exists in milk, it is 
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rendered soluble by a certain amount of free 
alkali, which is likewise present in this fluid ; and 
on the addition of an acid which can destroy this 
combination, the caseine, being no longer soluble, 
is separated in the form of curd. In vegetable 
juices for the most part this substance is kept fluid 
by the presence of an acid ; the addition of an 
alkali or alkaline earth, therefore, is required for 
its precipitation. This explains in some measure 
the use of lime in the clarification or defecation of 
cane-juice. It also teaches us that the amount of 
lime required is that which is sufficient, and no 
morej to render the liquid neutral. Heat alone is 
incapable of coagulating caseine, or precipitating it 
from its solutions, the only effect produced by its 
action being the formation of a thin skin or pellicle 
on the surface of the fluid, as we see in milk when 
thus treated. Infusion of galls separates it from 
its solution more or less completely, in the form of 
a brownish precipitate. Diacetate of lead, sulphate 
and muriate of lime, the hydrates of alumina, and 
most of the metallic oxides when in a nascent state, 
produce even more completely this effect. One 
hundred parts of caseine contain 036 part of sul- 
phur. Phosphorus does not appear to enter into 
its composition. 

Diastase. — ^This name has been given to a ni- 
trogenised substance, which is soluble in water, 
and which is found in germinating seeds, and buds 
in the act of development. It is merely a modifica- 
tion of one of the above azotized proximate prin- 
ciples, and can be obtained from any of the before- 
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mentioned sources, by infusing it in cold water. Its 
use in the economy of the plant has been ascertained 
by direct experiment. If a little infusion of malt 
or germinated barley be mixed with a large quan- 
tity of thick gelatinous starch, and the whole be 
maintained at a temperature of 160°, a complete 
liquefaction takes place in the space of a few 
minutes. On evaporation a yellowish white pow- 
der is obtained, perfectly soluble in water: it is 
dextrine. If the operation be continued for a few 
hours, the mixture acquires a sweet taste ; and if it 
be now evaporated, it will yield glucose, or the 
sugar of fruits. 

From this experiment it is evident that by the 
action of diastase, starch can be converted into 
dextrine and one of the varieties of sugar. 

Starch, as I have stated, from its insolubility in 
water, is incapacitated from performing any active 
function in the vegetable economy. It may be 
considered merely as a store of aliment set by for 
the future exigencies of the plant. Wherever it is 
found (and be it remembered its existence in vege- 
tables is far from being universal), it is sooner or 
later associated with diastase, under the influence 
of which it is rendered soluble, in the form of dex- 
trine or sugar, by which means only can it be fitted 
for the purposes intended by a provident nature. 
Thus transformed, it becomes a nutritious principle, 
from which the vessels, woody fibre, and cellular 
tissue are produced ; or it may again be deposited 
in its original form. How wonderful are all these 
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phenomena, and how admirably adapted to the great 
purposes of creation. 

The quantity of diastase requisite to produce 
these changes is very small, one part of this sub- 
stance being capable of converting two thousand 
times its weight of starch into sugan 

The transformations above described are effected 
in a very different manner from those which are 
produced by ordinary chemical actions. In the 
latter case, where decomposition is effected by the 
interposition of a new agent, it is by the superior 
attraction of that agent for one of the elements of 
the former combination. Thus, when sulphuric 
acid is poured upon carbonate of lime, the carbonic 
acid is liberated and the sulphuric acid takes its 
place, forming the new compound, sulphate of lime. 
But in the changes which we are examining, whether 
produced by heat, sulphuric acid, or diastase, no 
such substitution of the disturbing agent occurs ; 
for neither the heat, nor the acid, nor the diastase, 
are found to have combined with the elements of 
the substance acted upon. To distinguish this class 
of actions from those of ordinary chemical affinity, 
Berzelius has given it the appellation of catalyssis. 
To the planter a clear understanding of them is 
essential ; for it is in consequence of the molecular 
changes thus induced in the componeat elements 
of the sugar, that nearly all the evils which occur 
during the process of its manufacture arise. 

I have stated that diastase is merely a modifica- 
tion of one of the compounds of proteine above 
named; that such is the case seems proved by its 
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possessing a similar composition, and by the iden- 
tity of their actions. We have seen that diastase 
has the power of converting starch into dextrine 
and glucose. If it be kept, while moist, in a warm 
place for a few days, it loses this property, but has 
acquired a new one, namely, of conyerting glucose 
into lactic acid. When kept for a still longer 
period, it acquires the properties of the common 
yeast, and induces in saccharine fluids the vinous 
fermentation. The albuminous principles of vege- 
tables and animals produce the same effects under 
similar circumstances. They, moreover, produce 
others which I have not yet mentioned, but which 
it is highly important should be known to the 
sugar-maker, and which are interesting as examples 
of the variety of changes induced by this class of 
actions. 

If a solution of refined cane-sugar in water be ex- 
posed for a few hours to a temperature approaching 
800^, the cane-sugar is converted into the sugar of 
fruit ; if the experiment be continued, the solution 
acquires a dark colour, and ultimately a dark-brown 
powder falls, which does not possess sweetness; it 
is one of the substances which has been described 
as ulmine and ulmic acid. If glucose be similarly 
treated, but with the addition of a little lime, a simi- 
lar precipitate, but of a still darker colour, is quickly 
iiiduced. It is a combination of glucic and mela- 
sinic acid with the lime. The lime has acted as 
an oxidising agent, and converted the glucose into 
glucic acid, with which it has immediately united, 
and by the prolonged action of this elevated tem- 
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perature the glucic acid is converted into mela- 
sinic acid. The respective composition of these 
two bodies will enable us to understand the change 
which has been produced in the glucose. Glu- 
cic acid consists of carbon 8, hydrogen 5, oxy- 
gen 5 ; and melasinic acid of carbon 12, hydrogen 
6, oxygen 5. 

If a little gluten, obtained from wheat, be placed 
in contact with a solution of cane-sugar, and the 
mixture be exposed to a moderately high tempera- 
ture, it becomes viscid and mucilaginous; its sweet- 
ness disappears, and on examination gum will be 
found to have occupied the place of sugar. 

If a little curd or a piece of animal membrane, 
or a small portion of gluten which has been pre- 
served for a short time, be added to a solution of 
cane-sugar, the latter is converted into mannite and 
lactic acid. 

If the above substances, or blood, or white of 
egg when the putrefactive decay has fairly com- 
menced, be added to a solution similar to the above, 
the vinous fermentation will be established, the 
sugar, however, being previously converted into 
glucose by the action of these substances. It may 
be necessary to mention ti at, whenever this last- 
named change is produced in saccharine liquids, it 
is invariably accompanied with the development of 
myriads of minute cryptogamic plants, each indivi- 
dual of which consists of a simple nucleated cell. 
They are endowed with great fecundity, and con- 
tinually increase in number until the fermentation 
is at its height. How far their existence may be 
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essential to the development of this change is a 
question which has latterly been much agitated, 
but which it is unnecessary for our purpose to dis- 
cuss. 

The term fermentation has not been confined to 
this last-mentioned metamorphosis of saccharine 
substances, but has been applied equally to the 
others produced by the like class of causes. Thus 
the one in which the sugar is converted into gum, 
has received the appellation of the viscous^ and 
that in which the same body is converted into 
lactic acid, has been denominated the lactic acid 
fermentation. 



The saline or inorganic constituents of plants. — - 
Although the great bulk of the solid parts of every 
vegetable is principally built up of organic sub- 
stances, produced by the operations of the vital 
principle on the elements which have just been 
described, yet a small amount of inorganic matter is 
essential to the perfect structure of every plant. 

When, from the application of heat, the organic 
constituents have been dissipated, the only remains 
of a plant are found in a small amount of ash. 
This ash constitutes the inorganic constituents 
which had entered into the structure of the plant 
during its life. 

From numerous experiments that have been 
made upon the inorganic constituents of a great 
variety of vegetable bodies, the following conclu- 
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sions have been arrived at. I quote the words of 
Professor Johnston : — 

" 1. That on whatever soil a plant is grown, if 
it shoots up in a healthy manner and fairly ripens 
its seeds, the quantity and quality of the ash is, 
generally speaking, nearly the same; and 2. That 
though grown on the same soil, the quantity and 
quality of the ash left by no two species of plants 
is the same ; and that the ash differs more widely 
in these respects, the more remote the natural affi- 
nities of the several plants from which it may have 
been derived. Hence there is no longer any doubt 
that the inorganic constituents contained in the 
ash are really essential parts of the substance of 
the plant, and that they cannot live a healthy life 
or perfect all their pArts without them." We must 
likewise conclude that the root by which these sub- 
stances are absorbed must possess the power of 
selecting those among them which are useful to the 
economy, and of rejecting others, which are either 
not necessary, or which might prove injurious. 
Such a conclusion, however, must be considerably 
qualified. It is true that of two substances dissolved 
in water some plants will take up one, and some 
the other ; but there are other substances as highly 
poisonous to vegetables as their absorption into the 
system would prove to man or. animals, which are 
taken up by the roots of most plants without any 
apparent difficulty. So that we cannot allow that 
vegetables possess these powers of selection, except 
under very considerable restrictions. Practioe, 
indeed, has demonstrated, and also taken advan- 
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tage of the knowledge, that some vegetables, at 
least, when placed under circumstances favourable 
to their performance of this function, absorb from 
the soil a quantity of the different kinds of saline 
matter more than sufficient for their support and 
nourishment. 

The beet-root which has been cultivated in the 
highly manured grounds of the market-gardener, is 
very large, and its growth is vigorous; but it is 
useless to the sugar-manufacturer, owing to the 
great amount of saline substances, particularly, as 
might be supposed, the nitrate of potash, which it 
contains. 

Turnips which have been raised upon soils ma- 
nured with the biphosphate of lime, always contain 
a larger amount of the phosphate than those which 
have been grown on land less rich in these salts, and 
are consequently better fitted for the food of young 
animals. 

The sugar-cane also absorbs with great readiness 
the chlorides of sodium and potassium, and pro- 
bably the sulphates of these bases likewise. So 
that it is not uncommon to find the juice obtained 
from canes which have been grown on soils* in 
which these salts are abundant, to possess very pur- 
gative qualities, in consequence of the presence of 
these substances in much larger quantities than 
usual. The chloride of sodium (common salt) forms 
a highly deliquescent compound when combined 
with sugar ; which accounts for the difficulty that 
attends the conversion of cane-juice that contains 
this salt even in moderate quantity, into sugar 
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that will cry8tallis3 freely or "that will bear the 



These saline constituents are not equally diffused 
throughout all parts of the plant. In the sugar- 
cane, for instance, they constitute four per cent, of 
the weight of the leaves, whereas in the stem their 
amount generally does not exceed 0*6 per 100. 



I trust that I have rendered the foregoing sketch 
sufficiently intelligible to the reader to enable him^ 
on a careful perusal of it, to understand the transfor- 
mations which the non-azotized vegetable principles 
therein named, are liable to undergo from slight dis- 
turbing causes. It will be remembered that those 
changes were described as being molecular ones, or 
at most, that they were effected by the displacement 
or addition of an atom or two of water, or rather the 
elements necessary to form those atoms to the origi- 
nal substance; and that of all agents none more 
eflFectually produce them than the contact of one of 
the azotized principles which have been described. 
On a knowledge of these changes is based one of the 
most important principles that are to guide us in the 
manufacture of sugar. 
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CHAPTER II. 

CANE-SUGAR. — ITS PHYSICAL AND CHEMICAL PROPERTIES.— 
ACTIONS OF RE-AGENTS ON. — MOLASSES. — TREACLE. 

The substance, the nature, and properties of which 
it is our purpose to investigate in the present chap- 
ter, is the one denominated by chemists cane-sugar, 
or crystallisable sugar. It is the ordinary sugar of 
commerce. 

The presence of this non-azotized proximate prin- 
ciple is not confined to the sugar-cane, as the name 
usually given to it would indicate, although it was 
from this source alone that Europe was supplied 
with it for many ages; but it is likewise found in 
the stalks of many grasses, particularly in those of 
the maize and guinea-corn, in the roots of the car- 
rot, beet, &c., in pumpkins and melons, in the sap 
of the palm, and in most of the tropical fruit, from 
all of which, and also from other sources, it has been 
obtained by the chemist; but the sugar-cane, the 
Silesian beet-root, the sugar-maple, and the palm, 
are the only plants resorted to for this purpose by the 
manufacturer. 

From whatever plant it may have been obtained, 
cane-sugar, when separated from its accompanying 
impurities, by a process of refining, is physically and 
chemically identical. Although, when in that state 
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of admixture with other foreign substances that con- 
stitutes what is called moist or muscovado sugar, its 
origin is readily recognised. 

Cane-sugar, when pure, is solid, transparent, and 
colourless. It crystallises from its watery solution 
in oblique rhomboid al prisms ; but if to the solu- 
tion certain foreign matters be added, as alcohol 
for instance, the form of the crystals is very much 
modified. When bruised in the dark, it is seen to 
possess phosphorescent properties, and becomes 
luminous. 

It is soluble in one-half of its weight of water at 
the temperature of 60°, and in one-fifth of its weight 
at the boiling point. It is sparingly soluble in alco- 
hol when cold, but boiling alcohol will dissolve tV of 
its weight which it deposits on cooling. 

The specific gravity of anhydrous cane-sugar is 
calculated at 1600, that of water being 1000 ; but 
as in its natural condition it always contains water 
in combination, and, moreover, as it is found that 
sugar, when dissolved in water, undergoes an aug- 
mentation of volume of about tj of its original bulk, 
the density of its solutions is much less than the 
above figures would lead us to expect. The c^ppa- 
rent density of sugar differs much, owing to a va^ 
riety of causes. Thus the refined sugars of France 
are much more loose and spongy in texture than 
those which have been refined in this country, and 
therefore they appear to possess a lower specific 
gravity ; but these qualities are given to them ex- 
pressly to suit the wishes of the respective cus- 
tomers. 
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It has been already stated that the composition 
of cane-sugar consists of 12 atoms of carbon, 10 
atoms of hydrogen, and 10 atoms of oxygen, com- 
bined with 1 atom of basic water, which is displaced 
when the sugar enters into combination with other 
bases. The atomic weights of these elements are : 
hydrogen, 1 ; oxygen, 8 ; and carbon, 6 ; hence 
C 12 = 72, H 10=^10, O 10=80, must give 
162 as the equivalent or combining number of 1 
atom of anhydrous sugar. Water is composed of 
1 atom of oxygen, united with 1 atom of hydro- 
gen, consequently its atomic weight must be equal 
to 9. 

The proximate vegetable principle, cane-sugar, 
consisting, as has been shown, of 1 atom of anhy- 
drous sugar = 162 + 1 atom of water = 9, it ne- 
cessarily follows that its atomic weight must be 
171 ; that in every 100 parts it must contain 5*3 of 
water ; and that its specific gravity must be 1600 
less JJ5J5 of water, and less rr of the bulk of the 
sugar allowed for its expansion when dissolved in 
water. 

Cane-sugar, like all other organic substances, 
undergoes decomposition from slight disturbing 
causes. When pure, however, it is not prone to 
undergo any chemical change by mere exposure to 
the atmosphere : we have an instance in ordinary 
refined sugar, which may be kept for an indefinite 
period without alteration. 

A syrup obtained by dissolving two parts by 
weight of very pure cane-sugar in one part of 
water may be kept for some time without under- 
4 
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going any change; but at length it acquires a 
somewhat darker colour, and a portion of it, by 
combining with the elements of water, is slowly 
converted into glucose. But if it be exposed to a 
temperature of 180^ or 200°, either in a closed 
vessel or exposed to the atmosphere, this change is 
produced in a very few hours. If the syrup be 
exposed to this degree of heat for ninety hours, it 
becomes black and acid, and a dark-brown powder 
will be found at the bottom of the vessel. 

These changes are much expedited by the 
presence of an acid, even when its amount is very 
small; on the contrary, they are retarded by the 
presence of lime. But if the cane-sugar be not 
pure, if it be combined with glucose even in a 
minute quantity, lime has a contrary effect, and 
rather hastens than retards them. 

The explanation of these phenomena is as fol- 
lows: the sugar is first converted into glucose by 
combining with two atoms of water ; this change is 
accelerated by the presence of an acid, which acts 
in the way formerly mentioned. The glucose in 
its turn is converted into glucic acid and melasinic 
acid. Lime or an alkali promotes this result, and 
when produced it immediately enters into combi- 
nation with the newly formed acids. The compo- 
sition of glucic acid is, as has been shown, C 8, 
H 5, O 5 = carbon 12 + 7*6 water ; that of melasinic 
acid is C 12, H 6, 5, = carbon 12 + 6 water + 1 
hydrogen. 

These changes, therefore, are produced first by 
the addition to, and subsequently by the subtrac- 
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tion of the elements of water from the original cane- 
sugar of the syrup. 

At the temperature of 300° cane-sugar melts, and 
forms on cooling a glassy uncrystallised mass, known ^j 
as barley-sugar. After some time this substance 
evinces a tendency to crystallise ; but if the tem^ 
perature be continued for seven or eight hours, the 
properties of the sugar are permanently changed, 
and its crystallising power is gone. 

When the temperature is raised a few degrees 
beyond this point, decomposition msibly commences, 
water escapes in the form of vapour, and a dark- 
brown mass remains. 

If exposed to a temperature of 400% the sugar is 
converted into a blackish-looking substance, which 
is very soluble in water, and which deliquesces on 
exposure to the atmosphere. It consists of hydro- 
gen 6*9, oxygen 46*6, carbon 47'6 parts in 100, 
and consequently corresponds with the formula, 
carbon 12 + water 9, or the original sugar less two 
atoms of water. In ordinary language it is said 
that the sugar which in whole or in part has under- 
gone this change in consequence of its exposure to i' 
a too elevated temperature is carbonised; an expres- 
sion sufficiently explicit of the transformation which 
has taken place. 

When the sugar is rapidly heated to 500° or up- 
wards, a black substance having a bitter sweet taste 
is formed ; water, the formic and acetic acids, and 
carbonic oxide, being at the same time evolved. 
This is the substance known by the name of cara- 
mel ; it is a compound of sugar which has been 
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more or less altered, ulmic acid (carbon 12 + water 
6), melasinic acid, and charcoal. 

Cane-sugar submitted to destructive distillation 
in a closed retort, emits a large quantity of inflam- 
mable gases, and an almost pure carbon or char- 
coal remains. This, on incineration, leaves a few 
ashes which consist of the inorganic salts contained 
in the sugar. 

When a solution of cane-^ugar is mixed with one 
of sulphate of copper, if caustic potash be added in 
excess, a deep-blue liquid is produced, which, on the 
application of heat, undergoes little or no change 
immediately. But if a solution of glucose, or the 
sugar of fruit, be treated in a similar manner, on 
the first application of heat it throws down a co- 
pious precipitate of a greenish colour, which rapidly 
changes to scarlet, and eventually to dark red, 
leaving merely a colourless liquid above. This is 
an excellent chemical test for distinguishing the two 
varieties of sugar, or discovering an admixture of 
their solutions. 

i( a saturated solution of cane-sugar be heated in 
contact with a quantity of caustic potash, ulmic and 
formic acids are produced, which unite with the 
potash and form ulmates and formates of that base. 
The alkalies and alkaline earths, when added to solu- 
tions of cane-sugar in smaller quantity, are capable 
of combining directly with it. From these combi- 
nations the sugar is set free in an unchanged state 
by the addition of any of the weaker acids ; even 
carbonic acid will produce this effect. 

The compound of sugar and lime is remarkable 
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for being more soluble in cold water tban in hot. It 
has a bitter taste, and is uncrjstallisable. 

Sugar also forms compounds with baryta, oxide of 
lead, and chloride of sodium (common salt). The 
compound of cane-sugar with the last-named sub- 
stance is one of great importance in the manufacture 
of sugar ; for, according to Peligot, it consists of one 
part, by weight, of the salt to six of the sugar, and 
is so deliquescent, that it renders liquid another por- 
tion equal in weight to itself If, therefore, musco- 
vado sugar contain only 1 per 100 of common salt, 
we may form an idea of the great injury and loss 
which must ensue from drainage alone, which will 
equal 14 per 100 of the whole. 

By the action of diluted nitric acid cane-sugar is 
converted into saccharic or oxyhydric acid. If the 
acid be concentrated, oxalic acid is produced. 

Concentrated sulphuric acid decomposes cane- 
sugar into charcoal, water, and acetic acid. When 
diluted, it converts it into glucose or fruit sugar, as 
already stated. 

Chlorine and muriatic acid gas are absorbed by 
sugar, which they render brown and clammy. 

The vegetable acids render sugar uncrystallisable. 

The action of the proteine compounds upon cane- 
sugar have been already stated. We have seen that 
the contact of these bodies is capable of converting 
cane-sugar into gum, into lactic acid and mannite, 
into glucose, and finally, into alcohol and carbonic 
acid ; the kind of change depending upon the state 
of decay of the exciting substance. 

When vinegar is added to a solution of cane- 



54 CANE^UGAR. rAmx i. 

sugar, and the mixture kept for a length of time at 
a moderate temperature, the whole will be converted 
into vinegar, without any sensible fermentation. 
The composition of vinegar being carbon 4 + water 
3, it follows, that in this conversion one atom of 
the sugar must produce three of the vinegar or 
acetic acid, and one of water, which is found to be 
the case. 

Muscovado sugar ^ of commerce, is sugar in the 
state in which it arrives from the colonies, in other 
words, sugar mixed up with variable proportions 
of foreign matters. According to an analysis made 
by Avequin, 20 lbs. of badly cured Muscovado sugar 
contained, of silica 414 grains, biphosphate of lime 
361 grains, phosphate of lime 300 grains, carbonate 
of lime 38 grains, organic matter 875 grains, sul- 
phate of potash 291 grains, chloride of potassium 
400 grains, acetate of potash, 360 grains, acetate of 
lime 260 grains ; amounting, altogether, to about 3 
per cent 

In this analysis, it is not the amount of these mair ' 
ters which strikes us as extraordinary, for that is 
not greater than the nature of the soil from which 
this mixture of sugar and molasses was produced 
would lea(^ us to expect, nor is it greater than what 
is found in the best kinds of sugar which we re^ 
ceive from the West Indies^ but it is the excess of 
the phosphates of lime in proportion to the quantity 
of the other salts which renders this result an un- 
usual one. 

West India sugars always contain a quantity of 
insoluble impurities, which are immediately precipi- 
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tated when the sugar is dissolved in water. They 
consist of the earthy matters which have adhered 
to the canes, of broken-up woody tissue, of cellu- 
lose, and of coagulated albumen. Their combined 
amount varies from 2 to 6 per cent., the general 
average being about 3 per cent. The sugar, when 
deprived of these substances, contains chlorine, 
acetic acid, and sulphuric acid, lime, potash, soda, 
alumina, and silica, the collective amounts of which 
are from 0*5 to 2*5 per cent. 

Molasses may be considered to be the mother 
liquor which is left after the crystallization of 
cane-syrup. This substance must, consequently, 
consist of sugar in a state of solution, and of all 
the soluble matters contained in the cane-juice, 
which have not remained in the sugar, or which 
may not have been removed during the process of 
concentration. Its specific gravity is 1380 or 1340, 
that is, about 38° to 39° Beaume. Avequin's ana- 
lysis of molasses obtained from canes grown in 
Louisiana gives as a result from 20 lbs., good crys- 
tallisable sugar 15 lbs., salts and organic matter 
1 lb., and 4 lbs. of water. The salts he describes 
as acetate of potash, chloride of potassium, sul- 
phate of potash, biphosphate of lime, silica, and 
acetate of lime. And the organic matter, gum, or 
a substance resembling it ; which, however, consti- 
tutes only i of the foreign matters, and but 65 
per 100 of the whole. This analysis, however, does 
not agree exactly with those obtained from mo- 
lasses produced from canes grown in those islands 
of the West Indies which have long been cultivated. 
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Barbadoes' molasses, for instance, contain both a 
much larger quantity of organic matter, precipi- 
table by the diacetate of lead, and a much smaller 
amount of fixed salts. 

Treack is the ultimate product obtained after 
the various manipulations to which sugar is sub- 
mitted by the refiner. It is a viscicf and adhesive 
fluid of a dark-brown colour, approaching to black, 
and has a specific gravity of about 1380 or 1400, 
varying from 42° to 44° Beaum6, at the ordinary 
temperature of England. By evaporation it be- 
comes solid, but in a short time reverts to its ori- 
ginal fluid state. It cannot be made to crystallise, 
but on repose often deposits a small quantity of a 
light-coloured amorphous sugar. Boiling alcohol 
separates from it a small quantity of crystallisable 
sugar, while it at the same time produces the pre- 
cipitation of a considerable amount of a substance 
resembling gum. Cold alcohol dissolves from trea- 
cle, when dried, a compound of a dark colour, of a 
sweetish saline taste, and which is very deliquescent 
and perfectly uncrystallisable. It appears to be a 
combination of saline matter and a substance 
which will be noticed hereafter, and which is 
known as the '^matiere deliquescente^^ of Hervey. 
Besides these bodies, treacle likewise contains a 
certain amount of uncrystallisable sugar or glucose, 
a little mannite, and melasinic and ulmic acids, on 
which its intense colour depends. 
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CHAPTER III. 

SUGAR-CANE, ITS ANATOMY AND PHYSIOLOGY. — CANE-JUICE, ITS 
COMPOSITION. — THE CHANGES PRODUCED UPON IT BY RE- 
AGENTS. — ALTERATIONS EFFECTED DURING THE LIFE OF 

THE PLANT. THE METHODS EMPLOYED TO ASCERTAIN THE 

QUANTITY OF SACCHARINE MATTER IN LIQUIDS. 

The sugar-cane {saccharum offidnarum) belongs to 
the grarninacesB or grass tribe of plants, all of whick 
are of endogenous growth, and are generally of 
very simple structure. 

There are many varieties of sugar-cane cultivated 
in the West Indies, Brazil, Louisiana, and the 
Mauritius, the principal of which are — 1st, the 
common, or, as it is generally called, the Creole- 
cane, from having been the one originally intro- 
duced into the New World ; 2d, the yellow Bour- 
bon ; 3d, the yellow Otaheite. The two latter are 
frequently confounded, and are, at present, pro- 
bably from the influence of soil and climate, not 
easily distinguished. The other varieties are — 
4th, the Otaheite with purple bands ; 5th, the purple 
Otaheite ; and 6th, the transparent or ribbon-cane, 
known by its dark-red streaks on a clear waxy- 
looking ground. 

To discuss the merits or demerits of each of 
them belongs to the province of the agriculturist. 
We have another object to perform, namely, that 



58 SUGAR-CANE. waww u 

of examining their structure and organization ; and, 
as in this respect they are ail exactly alike, a 
description of one is applicable to them all. 

The sugar-cane is a perennial plant arriving at 
maturity, or, more properly speaking, at that stage 
of its existence when its growth is for a short time 
suspended, and when it seems to evince a desire to 
perform another function, that of flowering or 
fructification, at from eleven to fourteen months 
after planting. This may be considered a general 
rule, to which there are numerous exceptions, 
arising from locality, moisture, soil, atmospheric 
temperature, &c., &c. 

Of all parts of the plant, it is the structure of 
the stem which offers the greatest interest to the 
planter, as it is from this part alone that he is able 
to extract the sugar, the object of all his labours. 

A horizontal section of a portion of sugar-cane 
which has arrived at the period of its maturity, 
placed under the microscope, presents the following 
appearance. It will be seen that its internal struc* 
ture consists of a series of cells, generally hexagonal 
in shape, which touch each other in every direction. 
They are formed by a thin delicate tissue, which 
incloses them, not laterally merely, but both above 
and below ; so that each is perfectly closed and 
separate from those adjoining. No communications 
by pores, or otherwise, can be discovered between 
them when examined under the highest power. 

This structure is called the ceUular structure. It 
exists in all plants, and the tissue of which it is 
composed is the one already described as cettuhse. 
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When the plant is young this tissue is very soft 
and yielding, but as it advances in age it becomes 
more firm and rigid, from the incrustation of its 
surface by a substance, called by Payen " la matiere 
incrustante.*^ 

Interspersed through the structure are a number 
of vessels running in groups of two, three, or four, 
each of which is inclosed in a sheath of woody 
fibre. 

Surrounding the whole stem is the cortex or 
bark, covered by its coating of silica. It is not 
separable, or indeed scarcely distinguishable from 
the internal structure just described. 

The accompanying sketch will give us an idea of 
the appearance presented by such a section of sugar- 
cane when placed un- 
der the microscope, 
A being the bark or 
rind, b a bundle of 
vessels inclosed in 
their common sheath 
of woody fibre, and c 
the cells. 

If the section be 
made from a part of 
the cane which is not as yet become mature, the 
cut surface of the rind will be seen to have a 
greenish colour, which extends also for a short 
distance into the cellular tissue. This green colour 
is owing to the dispersion of a minute quantity of 
the same matter which gives the colour to the 
leaves. It is to this substance that those organs 
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owe the property of separating carboDic acid into 
its two elements, and of eliminating the oxygen. 
The name of chlorophille has been given to it ; and 
according to Mulder, it consists of carbon 18, hy- 
drogen 9, oxygen 8, and nitrogen 1, in atoms. 

A vertical section of a sugar-cane similarly exa- 
mined, demonstrates a like organization to the one 
just described. It also permits us to obtain a more 
distinct notion of the mode of arrangement of the 
different parts than we could otherwise have. When 
the plant has acquired a certain age its vessels are 
seen to be hidden by the thin surrounding envelope 
of woody fibre, incrusted with the before-mentioned 
"/wa/t^Va" of Payen, and it is with diflSculty that 
we can procure a distinct view of them. But if we 
examine a similar section taken from a newly formed 
joint, into the tissues of which the **mattire ith 
crustante^^ has not been deposited, the vessels may 
be most distinctly seen by the aid of a tolerably 
good microscope. They are found running together 
in bundles of two, three, or four, and preserving 
a perfectly straight course parallel to the axis> 
of the stem. They appear to be formed of a succes- 
sion of rings, and resemble somewhat the windpipes 
of some animals ; hence they have sometimes been 
denominated annulated vessels, and occasionally 
tracheae. They pass directly along the joint from 
its lower to its upper extremity, without presenting 
any appearance of anastomosis, or any other com- 
munication with each other. At the knot or point 
of junction of two joints, however, there is a com- 
plete lacework of vascular tubes, some of which are 
curved or looped, others run horizontally towards 
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the periphery of the plant, apparently for the pur- 
pose of supplying nourishment to the young bud, 
while another set seems to communicate by a direct 
course with those of the joint above. 

The adjoining cut 
presents the appear- 
ance presented by a 
longitudinal section 
of a newly formed 
joint when highly 
magnified, a repre- 
senting the vessels, 
and B the cells. 

Externally, the 
knot presents the ap- 
pearance of a ring. This part marks the point at 
which the two joints unite: it is studded over with 
three or four rows of minute points, from one of 
which may be seen a bud in the act of development. 
They are the germinal spots of the plant, and find 
their analogy in what is called the eye of the potato. 
In this neighbourhood, also, may frequently be 
discovered in greater or less profusion a powdery 
substance of a white or grayish colour. It is wax 
almost in a state of purity. Avequin has described 
it under the name of cerosie; and he mentions an 
important peculiarity in connection with it, namely, 
that those canes which contain much sugar have 
little cerosie, while, conversely, those which have 
much cerosie have little sugar. That this wax is 
produced from the saccharine contents of the cane, 
by a transposition of their ultimate elements similar 
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to those already described, appears very probable; 
and the experiments of Gundlach tend to show that 
this change is not an uncommon one in nature. Bees 
that were fed exclusively upon a solution of sugar- 
candy in water produced wax. Moreover, Pelouze 
found that when a strong solution of sugar, mixed 
with a small quantity of caseine and a little chalk, 
was exposed for some time to a temperature of 80^ 
or a little higher, a butyrate of lime was produced. 
The butyric is one of the fatty acids, and is conse- 
quently closely allied to wax in its composition. If 
such a change can be effected by man, it is not as- 
suming too much to attribute a similar one to the 
operations of nature. 

Although the anatomy of the stem of the sugar-cane 
is, as we have just seen, very simple, the physiology 
of the plant, that is, a knowledge of the functions per- 
formed by each of its organs, and the mode by which 
these functions are effected, is a subject of considera- 
ble difficulty. 

I have already stated, that water charged with 
gas and saline matters is absorbed by the spongioles 
at the extremities of the root, that it passes upwards 
through the stem by a combination of actions, as 
capillary attraction, endosmose, the influence of 
light and heat, assisted most probably by a vital in- 
fluence little understood, until it reaches the leaves, 
where, under the influence of light, the chlorophille, 
or green colouring matter, absorbs carbonic acid 
from the atmosphere, evolving its oxygen, but 
fixing the carbon, which is immediately com- 
bined with the principles of water contained in 
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the crude sap. From this union a variety of proxi- 
mate principles may be formed, in each of which 
the proportion of carbon is greater than the amount 
of oxygen necessary to convert it into carbonic acid, 
and in which the respective amounts of hydrogen 
and oxygen are in the proportion necessary to form 
water. 

A great number of these substances have been 
enumerated, and the facility with which they may 
be converted into each other either in the laboratory 
of the chemist, or in the still greater one of nature, 
has been described. But when our inquiries ex- 
tend to that series of combinations which succeed 
each other, or exist simultaneously during the dif- 
ferent periods of the life of a plant, from the mo- 
ment of its first germinating until the time when, 
after fructification, its juices become almost ex- 
hausted ; if we ask why, from the sap, sugar is de- 
posited in one part of the plant, starch in another, 
or some proteine compound in a third, we must 
confess that our knowledge is exceedingly im- 
perfect. 

In the sugar-cane a train of actions similar to 
those described as occurring in other plants is ob- 
served to take place. Water, holding in solution 
carbonic acid, ammoniacal gases, and the saline 
matters required for the purposes to which they are 
destined, is absorbed by the roots; it is carried 
through the stem, and thence to the leaves by the 
annulated vessels. In this state it is known by the 
name of crude sap. Arrived at the leaves, the sap 
undergoes the changes just mentioned, and is in all 
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probability at once converted into cane-sugar and 
water. Whether this really takes place, or whether, 
from the sap thus changed, the sugar is deposited 
in the cells of the plant by a process similar to that 
of secretion, we have no means of ascertaining with 
certainty. Of this we are, however, assured, that 
the vessels contain a fluid, consisting for the most 
part of crude and unassimilated substances, whilst 
in the cells is found a solution of sugar and water, 
in all probability free from any admixture of foreign 
matters. 

During life there appears to be going on a con- 
stant exchange of principles between the contents of 
the cells, and those of the vessels, by means of endos- 
mose and exosmose. The cells absorb a portion of 
the water contained in the sap- vessels, by which the 
crystallization of their saccharine contents is pre^ 
vented ; and they in return give to the sap a certain 
amount of their sugar, which increases its richness 
and nourishing properties. 

The crude sap of the sugar-cane has never been 
analysed, but there is every reason to believe that it 
has a composition similar to that of other plants. 
According to Vauquelin, the sap of plants consists 
of extractive matter containing ammonia — a com- 
pound of proteine ; a mucilaginous substance — dex- 
trine ; water and salts, which vary in each species. 
It has been stated that plants have, to a certain 
extent only, the power of selecting the substances 
with which their roots may be in contact, therefore 
the sap of a plant may contain at one time matters 
foreign to its natural constitution, which will not. 
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consequently, be generally found in another of the 
same species, but placed under other circumstances. 

When any of the more perfectly soluble saline 
principles of a plant are found existing in the soil in 
an unusual quantity, vre may expect to find them 
in the sap of vegetables cultivated on such a soil more 
than usually abundant. In these respects the sugar- 
cane does not differ from other vegetables ; foreign 
matters are occasionally found in its sap, and still 
more frequently ah excess of one or other 6f its 
saline constituents. 

The contents of the cells are composed of much 
fewer materials than those of the vessels, consisting 
almost entirely of sugai* and water. Whether any 
other substances are ever associated with these two 
is at present unknown ; but if we can form an 
opinion from what takes place in a few other 
plants, which present close analogies in this respect, 
to the sugar-cane, we must conclude that such is 
not the case. It is certain, also, that if any other 
substances be present their amount is exceedingly 
small. 

We also have a right to conclude, from a similar 
method of reasoning, that the sugar contained 
within the cells of the sugar-cane performs the 
same office as the starch which is deposited in the 
roots and pith of plants of other species, namely, 
that of affording nourishment when the future exi- 
gencies of the plant may require it. When the 
sugar-cane is vegetating in all its luxuriousness, 
when joint upon joint is quickly being added ; or 
when, from an excess of vigour, new buds are 
6 
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sprouting from almost every joint, the contents of 
the cells consist of little more than water, the sugar 
being absorbed as quickly as it is deposited, to 
serve for the formation of the new tissues. When, 
on the other hand, time and a favourable season 
have conducted the plant to that stage of its exist- 
ence which has been expressed by the term " matu- 
rity," when, for a time at least, its growth and deve- 
lopment have ceased, in preparation for the perform- 
ance of another function, the contents of the cells 
abound in their saccharine constituents. This con- 
dition of the sugar-cane is accompanied by a dimi- 
nution of the quantity of the sap, and by a slowness . 
in its rise ; it is therefore the one best suited for the 
purposes of the manufacturer. 

Cane-juice is the fluid obtained from the cane by a 
degree of pressure sufficient to lacerate and break to 
pieces its entire structure ; it must therefore consist 
of a mixture of those two fluids, so different in their 
composition. How essential is it, therefore, to attend 
to these circumstances, and rather suit the crop time 
to the cane, than, as is too frequently the case at pre- 
sent, suit the cane to the crop time. 

When a portion of sugar-cane, cut into thin slices 
and dried, is infused in cold alcohol, a peculiar sub- 
stance remains in solution, which is obtained on 
evaporation. It is neither salt nor sweet to the taste, 
is uncrystallisable, and highly deliquescent. It is 
the " matiire deliquescente*^ of Hervey ; its composi- 
tion is unknown. 

The saline matters found in the sugar-cane con- 
sist of acetates of lime and potash, the malates of 
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lime and potash ? the chlorides of sodium and potas- 
sium, the sulphates of potash and lime, carbonate of 
lime, phosphate of lime, silica, and alumina. Their 
amount differs materially in the various parts of the 
plant. The leaves contain about 4 per 100, but the 
stem rarely more than from 4 to 06 per 100 of these 
inorganic substances. 

Cane-juice. — The term cane-juice is, as just stated, 
applied to the compound fluid derived from the 
cane by means of powerful pressure ; it must, there- 
fore, consist of many other substances besides sugar 
and water. 

When recently expressed, it is opaque, frothy, and 
of a yellowish green, or sometimes grayish colour. 
It has an aromatic and sweet taste, and balsamic 
smell, and produces a slightly acid re-action on lit- 
mus paper. In the latter respect it offers con- 
siderable variations. Its specific gravity is said to 
vary from 1046 to 1110, from 7° to 15° Beaum6. 
These must, however, be considered as its extreme 
limits, which are very rarely observed. I have never 
seen it in any country of a density below 85° nor 
higher than 13^ the temperature being 80°. Its 
specific gravity usually fluctuates between 1070 and 
1090, 10° and 13° Beaum6. The difference in den- 
sity depends upon many causes, as the age of the 
cane, the climate, the soil, the season, the tempera- 
ture of the atmosphere, &c. 

Cane-juice consists of two parts, easily separated 
from each other by filtration, the one being a per- 
fectly transparent fluid of a pale yellow colour, the 
other a dark-green fecula, which remains upon the 
filter. 
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The latter, upoa examinatioa under the micro- 
scope, is seen to be formed of a green globular 
matter — chlorophille, portions of woody fibre, cellu- 
lose in the state of the broken-up parietes of the cells, 
and a few shreds of coagulated fibrine. By the ap- 
plication of heat, and the addition of a small quan- 
tity of lime, these substances separate readily from 
the pure joice, and then constitute the scmn, of the 
darijiers. This scum has been analysed by Ave- 
quin, who states that it consists of cerosie or wax 
75, green matter 13, albumen and wood 3*4,biphos- 
phate of lime 0*5, silica 2-1, and water. 

The transparent liquid which remains when the 
above matters have been separated by filtration, con- 
sists of water, sugar, a small quantity of dextrine, 
varying, probably, from 1 to 4 parts in 1000 in ripe 
and healthy canes, soluble compounds of prdteine, 
saline matters, and a colouring principle, distinct 
from the green matter mentioned above, being solu- 
ble in water. 

On a small quantity of filtered cane-juice being 
placed under the receiver of an air-pump, and al- 
lowed to remain there until all evaporation had 
ceased, a thick yellow syrup was produced which 
obstinately refused to crystallise. But on the addi- 
tion of a little alcohol, crystallization took place on 
further evaporation. 

This experiment was performed by Peligot; it haa 
been repeated by me with a similar result 

When a portion of cane-juice, treated as before, 
that is, carefully filtered, is exposed in a glass vessel 
to the action of heat, it gradually loses its transpa* 
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rencj, becomes cloudy, and, on ebullition, thin, floc- 
culent particles of albumen make their appearance, 
which, on removal of the liquid from the heat, fall 
to the bottom of the vessel in the form of a white pre- 
cipitate. If the liquid be deprived of these floccu* 
lent particles, and then evaporated in vacuo at the 
ordinary temperature of the atmosphere, crystalliza- 
tion will ensue, but not so completely as in the first 
experiment, a portion of it remaining in the state of 
thick syrup. 

If a portion of filtered cane-juice be evaporated in 
a shallow vessel over a sand-bath, at a temperature 
varying from 180® to 200°, until it assumes the form 
of an inspissated syrup, partial but slow crystalliza- 
tion will take place, the crystalline substance amount- 
ing to about one-third of the syrup. On submitting 
the latter to a further evaporation in a similar man- 
ner, a very small amount of ill-defined crystals are 
produced. 

These experiments teach us, — 1. That cane-juice, 
without the addition of any foreign matter, when its 
water is evaporated at the ordinary temperature of 
the atmosphere, does not produce crystals of sugar. 
2. That when it is exposed to a temperature a little 
below that of boiling water for the purpose of con- 
centration, crystallization of a part, but not of the 
whole, of its sugar takes place. 3. That on the addi- 
tion of alcohol to the concentrated syrup, nearly the 
whole of it is converted into a solid crystalline mass 
on further evaporation. 

We can explain the action of the heat and the 
alcohol in the above experiments only in two ways^ 



70 CATALYTIC CHANGES PRODUCED IN pabt i. 

namely, that some chemical or chemico-electrical 
change has been effected on the sugar by the agency 
of those bodies ; or that they have separated from 
the cane-juice a substance, owing to the presence 
of which the sugar did not evince its inherent 
crystallising property. The latter is the effect 
which has taken place. The substances contained 
in the cane-juice, besides the sugar and the water, 
are dextrine, the proteine compounds, and the salts. 
Of these, the only one which is equally acted upon 
by both alcohol and heat, is the proteine compound 
called vegetable albumen; the other organic sub- 
stances are unaffected by the degree of heat em- 
ployed in the experiments, but alcohol coagulates 
them all. 

If cane-juice, merely filtered as above described, 
be allowed to remain at rest for a short time, it gra- 
dually becomes viscid and loses its transparency, a 
portion of its sugar having been converted into gum. 
The viscotis fermentation has commenced. Should 
the temperature of the atmosphere not exceed 60^ 
or 65^, as is the case in the Island of Madeira 
during the months of January or February, this 
change may go on until the whole of the sugar dis- 
appears. 

When such is the case, the character of the cane- 
juice is entirely destroyed. It now presents the ap- 
pearance of a viscid mucilaginous liquid, which pos- 
sesses neither sweetness nor acidity, and which is 
incapable of undergoing the vinous fermentation. 

Within the tropics this transformation is never 
complete ; for, owing to the high temperature which 
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exists there, the viscous fermentatioa no sooner com- 
mences than it is followed by another which soon 
supersedes it, and which gradually converts the cane- 
juice into a liquid possessing a sour taste, and a smell 
somewhat approaching to bad vinegar. This is the 
lactic acid fermentation, the cause of so much mis- 
chief when it is allowed to take place. 

The establishment of these two changes does not 
altogether prevent the partial development of a 
third, in countries where the causes which excite 
them are so redundant as they are in the West In- 
dies. Indeed they are almost always accompanied 
in a slight degree by the vinous fermentation, the 
alcohol resulting from which is, as soon as formed, 
converted into vinegar. So that the souring of cane- 
juice is not always exclusively owing to the develop- 
ment of lactic acid, but is often dependent upon, to 
a greater or less degree, the formation of acetic acid 
also. 

These changes are likewise accompanied by the 
formation of a small quantity of mannite. 

When cane-juice, which has already been boiled 
and filtered, is submitted to the action of heat a 
second time, the flocculent particles which separated 
from the liquid during the first ebullition are not 
now observed, but in place of them a thin film is 
seen to form on the surface. A similar effect is 
produced in all liquids which contain caseine in 
solution. We have a familiar instance of this in 
boiling milk. It has been already stated that caseine 
is one of the proteine compounds found in cane- 
juice, in which it is held in solution by the presence 
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of a vegetable acid or acid salt, in the same way a» 
it is found combined in the juice of the grape. A9 
caseioe cannot be separated from its solutions by 
heat alone, it is evident that vi^hen this agent is the 
only one to the action of which cane-juice has been 
submitted, the caseine must still remain dissolved in 
it in its original quantity. Syrups propped from 
cane-juiqe thus treated undergo a partial crystalli- 
zation only, and are very mucl^ disposed to run into 
one or more pf the varieties of fernientatipn just 
alluded to. 

Boiled cane-juice likewise changes its cheniical 
character with great rapidity, the three varieties of 
fermentation taking place in it simultaneously ; but 
while the viscous and lactic acid fermentations pre- 
dominated, as we have seen in the juice which ha^ 
not been exposed to hejE^t, ip this the vinous fermea? 
tation is the one which is most active. 

Caseine is, as has been already stated, insoluble in 
pure water; but when the water is acidulated by the 
addition of any of the vegetable acids or acid salts, or 
when it is rendered alkaline by a small quantity of 
potash, soda, or lime, it becomes in both cases a sol-* 
vent of this principle. In the one it is separated 
from its solution by the addition of an acid, in the 
other by that of an ^XkaXxj provided that neither he 
added in excess, otherwise it is first precipitated, and, 
afterrvards re-dissolved. We can thus explain tbia 
necessity for the employment of lime in the defect** 
tion or clarification of cane-juice. 

When defecated by the employment of lime, 
cane-juice may be made to crystallise aluaost en- 



tirely on due ev&poFation at a high temperature. 
In this state also it runs rapidly into Uie vinous 
fermentation; and if the other two varieties are 
occasionally found to accompany the former, it is at 
the most to a very small extent. 

The nature of the change produced in sugar hy 
its conversion into the products of the vinous fer-* 
mentation is explained as follows. When a small 
quantity of yeast has been introduced into a solu'^ 
tion of cane-sugar, and again separated from It by 
means of filtration, the sugar will be found to have 
undergone a change : it will not crystallise on eva* 
poration; and on analysis it is seen that it ha«( beem 
converted into glucose. If the yeast be allpwcK^ to 
r^oiain ^ short tim^ longer, the vinous fermentation 
will commence. This consists in the conversion of 
I atom of glucose into 2 atooitfs of alcohQl, 4 atoms of 
parboQiq acid, asd 9 fttpnos of water, thus ;— 

Parb. Ifyd, Oxyg. 

2 atoms of alcohol • an 8 12 4 

4 atoms of carbonic acid n 4 8 

2 Qtoms of water • 7= 9. 2 



1 atom of glucose s=:12 14 14 



It is frequently stated that an incipient degree of 
the vinous fermentation in syrup is rather bonefioiat 
(ban otherwise, by s^ugmenting its granulating pn>; 
perties. This i^tatement is probably true to Sk 
limited extent. We can understand that the fprmar 
tion of a smaU amount of alcohol may be accom- 
ps^ni^ by the coagulation and precipitation of a 
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small quantity of some foreign organic substance, 
the presence of which may enfeeble somewhat the 
crystallising power of the sugar. But these results 
would be more than compensated by the conversion 
of a part of the sugar into glucose, entailing a loss 
in the quantity of crystallised sugar that would be 
obtained. 

The fact that fermentation may take place in 
cane-juice, after its defecation by lime and heat, 
would indicate that these two agents are insufficient 
to remove all the pro'teine compounds or ferments 
from it; and such is the case, for on the addition of 
a little diacetate of lead to cane-juice, which has 
been treated in that manner, a copious precipitate 
results, which, on the application of heat, emits 
ammonia. 

The hydrates of metallic oxydes when in a 
nascent state, alumina, and infusion of galls, have 
a similar, although less powerful, action than the 
diacetate of lead. 

The practical inference to be drawn from the 
foregoing remarks is the necessity of removing as 
completely as possible the azotized principles from 
the cane-juice, as by their prolonged contact the 
latter will inevitably undergo, during the different 
stages of its concentration, one or other of the cata- 
lytic changes above mentioned. But besides these 
effects, their presence, probably assisted by that of a 
small quantity of dextrine, tends powerfully to pre- 
vent the crystallization of the syrup. 

As there are certain substances which have the 
property of checking or preventing the various 
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fermentations to which cane-juice is liable, the occa- 
sional employment of them has been recommended. 
They consist, for the most part, of sulphurous acid 
united to a base, such as zinc or lime for instance. 
In a well-managed boiling-house they will never be 
required, and it would be needless to say, that in 
sugar making, as in other arts, that which is not re- 
quired should not be employed. 

The saline matters found in cane-juice consist 
of those which are peculiar to the plant, and which 
are more or less soluble in water; they are the 
chlorides of sodium and potassium, sulphates of 
potash and lime, bisilicate of potash, alumina, a 
trace of iron, and a little biphosphate of lime. Be* 
sides these there are also one or two organic acids 
combined with one or more of the above bases; 
but their nature has not as yet been very clearly 
made out. 

The aggregate amount of these substances, as 
might be supposed, varies considerably. It usually^ 
however, constitutes from 2 to 4 parts in 1000 of 
cane-juice; but sometimes it would appear to be 
greater. This variation in quantity is owing to the 
nature of the soil on which the cane is grown. The 
excess is caused either by the introduction of a 
foreign salt, or by the great preponderance of one of 
those which are essential to the composition of the 
plant. 

Although the quantity of saline matters con- 
tained in cane-juice may at first appear to be small, 
we must remember, that as the concentration of 
this liquid goes forward, the ratio between them 
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and the other oonstituents becomes far less dis- 
proportionate. Let us suppose that the evaporar 
tion of cane-juice containing only 2 parts of these 
Aubstances in 1000 be such as to produce a syrup 
equal to i of its original weight, it is clear that the 
Byt^p must contain of them 1'2 per cent. I have 
already stated^ on the authority of Peligot, who has 
given much attention to this subject, that one part 
of the chloride of sodium will combine with nearly 
fiix times its bulk of sugar, and form a deliquescent 
compound, which is capable of liquefying aiK)ther 
portion of sugar equal to itself in bulk It is, alao^ 
very probable that the other saline constituents 
may likewise form similar combinations. Their 
presence, therefore, must always be considered 
injurious. 

We possess no means of getting rid of these mat* 
ters when once present, we should, therefore, prevent 
their introduction into the cane by draining the soil. 
This induces me to mention a cause of injury both 
to the vegetation of the canes and to the cane-juice 
obtained from them, not unfrequent in some of the 
West India islands. 

Many of those islands, as is well known, are of 
volcanic origin, and their soils, particularly in 
certain localities, contain in large quantities a com* 
pound of two atoms of sulphur and one of iron, 
known by the name of iron pyrites. When this 
substance is exposed to the air, it is slowly con- 
verted to sulphate of iron and sulphuric acid, which 
remain in solution in the undrained water, render^ 
ing it sour and very detrimental to the roots of the 
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canes. Again, when this soar liquid is in contact 
with vegetable matter, and when the air is ex-^ 
eluded, as it is when this liquid percolates through 
a deep stratum of alluvial soil, it parts with oxygen 
to the decaying vegetable matters, and is again 
converted into iron pyrites. From these soils, 
also, sulphuretted hydrogen gas is often emitted in 
considerable abundance, which, in addition to the 
evil effects that its presence: produces on plants, 
renders such localities extremely insalubrious to 
man. By drainage and by a proper method of 
agricultural treatment both these evils may be 
remedied, and estates which are at present almost 
uninhabitable may be rendered comparatively salu- 
brious, and their produce improved both in quantity 
and quality. 

The relative amount in which the substances 
which have been described enter into the cpmposi- 
tion of cane-juice under ordinary circumstances 
may, from an average taken from numerous experi- 
ments made by different persons, be expressed as 
follows: — 



Water .... 


81 


Sugar .... 


1820 


Organic matter, precipitated by diacetate 




of lead .... 


0-45 


Saline matter 


0-35 




100- 



The accuracy of this formula is supported by a 
great uniformity in results^ obtained under a var 
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riety of circumstances, and, were it necessary, could 
be confirmed by my own observations; but it is 
obvious from what has been previously stated, that 
cane-juice must offer considerable modifications in 
this respect, arising from the age of the plant, from 
climate, from soil, &c. 

Peligot remarks, 'Uhat when the amount of 
foreign matter, such as the organic azotized princi- 
ples, salts, &c., contained in cane-juice in the pro- 
portions given above, be compared with that which 
exists in the juice of the beet-root, the former may 
be considered as a fluid of almost perfect purity, that 
it may be regarded, indeed, as a solution of sugar and 
water." 

It is true that cane-juice contains both a larger 
quantity of sugar, and, also, a considerably less 
quantity of foreign matters than the juice of the 
beet-root, and is, therefore, less prone to undergo 
the changes which the presence of those bodies 
promotes under the same circumstances. But it 
must be remembered, that the cane-juice in the 
West Indies is, at the moment of its expression, 
submitted to the action of an atmosphere, the 
temperature of which is from 80° to 85°, while the 
temperature of the atmosphere in France, at the 
season when the beet-root is best fitted for the pur- 
pose of sugar-making, rarely exceeds, and is not 
often so high as 50°. This difference of atmo- 
spheric temperature in the two cases tends much to 
the equalization of their respective chances of fer- 
mentation. 

Many circumstances will disturb the amount of 
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each of the constituents of cane-jaice. Probably in 
no two colonies is the cane-juice precisely alike in 
this respect. But there are causes common to all, 
and which being always in operation in a greater 
or less degree, prevent the cane-juice of one year 
resembling in all respects that of another, although 
both may be the produce of the same estate. The 
planter necessarily strives to cut his canes at the 
period of their greatest maturity; but a variety of 
circumstances often prevents the accomplishment of 
his wish. During the days of slavery the reaping 
of the crops always required a space of time equal 
to four months for its accomplishment, at present, 
from the want of labour experienced in all the colo- 
nies, this period is considerably extended. In so long 
a lapse of time many changes may take place in the 
weather, which set all his calculations at defiance; 
for instance, renewed vegetation of the canes may 
commence, and then the character of their juice will 
be materially changed. 

There are certain lands on which the canes never 
appear to ripen, they remain large, green, and 
watery; and except after a long continuance of dry 
weather they are little disposed to arrow. Canes 
of this kind are invariably found growing in soils 
abounding in saline matters, which act as a power- 
ful stimulus to the growth of the plant, but which, 
in an almost equal degree, tend to prevent the depo- 
sition of sugar in its cells. Such soils are either 
those in which drainage is urgently required, or 
they are virgin lands recently brought into culti- 
vation, and rendered preternaturally saline by the 
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burning of the vegetation which had previondy 
sprung up from them. The juice obtained from 
canes that have been cultivated under these circum- 
stances is the cause of great embarrassment to the 
sugar-boiler. In the first place, it often requires an 
unusually large quantity of lime for its perfect defe- 
cation. It is dark in colour, and its ebullition is dif- 
ficult and irregular. On the continued application 
of heat it becomes viscid, its colour becomes deeper, 
and on further evaporation of its water it is very lia- 
ble to bum. 

The inspissated syrup obtained from it granulates 
imperfectly, and the sugar is dark in colour, soft and 
pasty. The molasses are too abundant, nevertheless 
they leave the sugar so slowly, that the drainage 
seems interminable. 

On the other hand, should an alternation of sun- 
shine and rain, which for the space of five or six 
months has induced a luxuriant vegetation in the 
plants and rattoons, be followed by a long-continued 
drought, their growth will be prematurely checked, 
and they will often, under these circumstances, 
show a disposition to arrow. Should they now be 
cut, the juice will probably be found of a good 
quality, and easily made into sugar, the only at-, 
tendant evil being its deficiency in quantity, owing 
to the small size which the canes have obtained. 
In such cases it might be thought advisable to cut 
the canes rather than to permit them to remain on 
the soil, with a risk of the cessation of vegetation. 
Such a course is often impracticable, for the estate 
is not yet prepared for it; even if it were, the planter 
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would not be jastified in running so great a risk of 
a change in the weather at a season when long expe- 
rience has taught him to expect it, and thus to jeop- 
ardise the whole of his year's labour ; for with a re- 
turn of rain vegetation would immediately commence, 
and then to the evil of having canes of unusual shortr 
ness would be added that of a juice poor in saccha- 
rine matter. 

Should the drought commence a short time only 
before the season for commencing crop, that is, when 
the canes have attained their ordinary growth, the 
effect is an eminently beneficial one, for it consists of 
an inspissation of the saccharine contents of the cells 
by the exhalation and evaporation of their water, and 
it is at the same time accompanied by a diminution 
in the quantity of that fluid which has been de- 
scribed above as the sap. Cane-juice under such 
circumstances has a considerable density, and is 
often of great purity, so that, during and after its 
concentration, the sugar, to use a common expres- 
sion, makes itself. 

But if the drought, at whatever age of the cane 
it may have commenced, should continue beyond 
the time necessary to produce the effects above men- 
tioned, the leaves of the plant turn yellow, the stem 
becomes red, and has a scorched appearance, and 
not unfrequently splits, or becomes hollow from a 
contraction of its cellular structure. The canes 
then are said to be burnt. The juice thence ob- 
tained is greatly deficient in quantity, and its 
quality is considerably altered. In extreme cases 
it is strongly acid ; in this respect it varies much, 
6 
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but it always requires a large quantity of lime for 
its neutralization, while the addition of this sub- 
stance to it is destructive in its effects. On the 
application of heat it becomes rapidly darker in 
colour, it boils unequally and lazily, is very apt to 
burn, and the syrup refuses to crystallise. The 
reader is now, I trust, able to understand the nature 
of the change that has resulted in these cases. In 
consequence of injury that the structure of the stem 
has suffered, the liquid contents of the different or- 
gans have been mingled, the azotized matters have 
acted as fermentative agents, and the sugar in whole 
or in part has been converted into gum, glucose, and 
lactic acid, the one or the other of them predominat- 
ing in different cases. 

A similar result, but arising from another cause, 
is of common occurrence in Louisiana. In that 
country the frost not unfrequently sets in before 
the canes are ready to be cut. The frost causes 
an expansion of the fluids, and a rupture of the 
organs which contain them. An intermixture of 
the saccharine and nitrogenised principles conse- 
quently ensues. Should the frost continue, no evil 
results are observed, for at such a temperature cata- 
lyssis is prevented ; but should a thaw succeed the 
cane-juice becomes viscid and mucilaginous, the 
syrups resulting from it will not crystallise, and the 
only use to which they can be applied is that of dis- 
tillation. 

The effects produced on the cane-juice by the 
borer, by rats, and by all mechanical injuries, are 
explained on similar principles. 
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The Methods employed to ascertain the Quantity of 
Sugar contained in Saccharine Liquids. 

The only variety of sugar ever found in healthy 
cane-juice is that to which in consequence of its 
being entirely crystallisable that term has been pre- 
fixed. We must now inquire into the means usually 
resorted to, to ascertain its amount in any liquid in 
which it may be contained. 

The first to be mentioned, from its being the one 
most generally adopted, consists in ascertaining its 
specific gravity as compared with that of some 
other with which we may be familiar. Water 
being the one usually fixed upon for the purpose,* 
we arbitrarily attach to it the specific gravity of 
1000. 

It has been shown, that the specific gravity of 
anhydrous sugar is, compared with that of water, 
as 1600 is to 1000. But as, in the state in which 
it exists as a vegetable principle, it is found com- 
bined with 5*3 per cent, of basic water, and also, as 
saccharine solutions always occupy a larger space 
than that of its two constituents when separate, in 
consequence of the expansion of the sugar in these 
cases, and which varies from A to * of its original 
bulk, according to its purity and crystalline struc- 
ture, it follows that the real density of the refined 
sugar of commerce must be below that which these 
figures indicate, being about 1500 ; according to Biot, 
1509. 

As the amount of the other constituents of cane- 
juice is relatively small, its density is a test of the 
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quantity of sugar which it contains, sufficiently ac- 
curate for all practical purposes. 

To ascertain the density of a fluid we must pro- 
vide ourselves with a pair of scales of good workman- 
ship, and which are carefully adjusted, a set of accu- 
rate weights and a glass bottle of such a capacity, 
that when filled so as to correspond to a mark or ring 
scratched upon its neck, it will contain exactly 1000 
grains of distilled water at 60° temperature. The 
bottle, accurately poised by a weight in the opposite 
scale, is to be filled to the mark with the liquid, 
which is then to be carefully weighed ; the weight 
is the specific gravity. 

Although this is the most accurate method of 
arriving at the density of a liquid, it is too tedious 
to be used in the arts, and for all practical purposes 
the hydrometer may be safely substituted for it 
This instrument is, I presume, too well known to 
require explanation ; but as a few of my readers 
may not recognise it by that name, I may remind 
them that it is the one usually employed to ascer- 
tain the strength of rum or any other spirit. Two 
scales have been attached to it, in the one the 
specific gravity of distilled water being reckoned at 
1000, the degrees rise above or fall below that 
number. The figure which is on a level with the 
surface of the liquid in which the instrument is 
immersed indicates the specific gravity. The other 
scale i« the one generally in use in sugar manufac- 
tories and refineries in Europe ; and an hydrometer 
so adjusted is commonly called Beaum6's saccha- 
rometer. On this scale water is marked as 0, or 
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zero, and each of its degrees comprises seven or 
eight of those on the former ; the results obtained 
by it are consequently not so accurate. They are, 
however, sufficiently so for ordinary purposes ; and 
in one respect this scale possesses great advantages, 
for owing to a variety of causes, which have been 
partly explained, the relative proportions of sugar 
and water in different solutions observe a tolerably 
close connexion with the numbers marked upon it, 
for each degree corresponds with about '019 part of 
sugar in the solution, so that by multiplying the one 
into the other, the quantity of sugar is pretty accu- 
rately arrived at. For example, let us suppose that 
the density of the liquid examined is shown by the 
saccharometer to be 20°, then 20 x 019 =« 38, which 
indicates the number of parts of sugar contained in 
100 parts of liquid. The real amount ascertained by 
direct experiment is 37, but the two are wonderfully 
close. 

When the density of the liquid is below 20° — -018 
is a better number to use as a multiplier : thus, if 
cane-juice have a density equal to 11° — 11 x 018= 
•198 or 19t*tj is the per centage of sugar which it con- 
tains. In a solution of sugar and water of this den- 
sity, the amount of the former, ascertained by direct 
experiment, is 20 per cent 

The table at the end of the volume has been con- 
structed from experiments made by dissolving pure 
sugar in distilled water at a temperature of 65°. 
An allowance should be made for the expansion of 
the liquid under the greater heat of the tropics, to 
adapt it for use in those countries ; but for practical 
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purposes this may be omitted without entailing any 
very material error. 

When saccharine solutions contain any other 
foreign matter, it is evident the quantity of sugar 
cannot be arrived at by the same method. In such 
cases chemists frequently cause the fluid to undergo 
the vinous fermentation, and then determine accu- 
rately the quantities of alcohol and carbonic acid 
which are produced ; but this operation presents 
too many difficulties to be undertaken by those 
who are not practically versed in chemical mani- 
pulations. 

Some years ago the celebrated M. Biot discovered 
that solutions of sugar, examined by means of polar- 
ised light, gave different results, according to the 
quantity of this substance contained in the solution, 
and also according to the variety -of sugar experi- 
mented upon. I know not how I shall be able to 
render what I wish to say upon this subject, intelli- 
gible to those who are unacquainted with the pheno- 
mena presented by light when it is polarised. The 
attempt, however, must be made, for the subject is 
one of considerable interest to the sugar manufac- 
turer, as most unexpected results have been obtained 
through its means, and we have every reason to ex- 
pect still further discoveries by its more extended 
application ; moreover, it affords a method of great 
simplicity, and one which can be easily employed for 
ascertaining both the amount of sugar contained in 
the solution and also its variety. ♦ 

I am not aware that this method of examining 
sugar has ever been practised by the refiners or mo- 
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lasses' boilers of England, but on the continent its 
employment has been extensive. To the colonial 
sugar maker it would be in the hightest degree use- 
ful, as it would enable him lo detect the catalytic 
changes so often mentioned at the moment they com- 
mence, and thus enable him to check them, or still 
better to prevent their occurrence, by the exercise 
of due precaution. 

If we take a piece of glass, one of the surfaces of 
which has been previously blackened by means of 
smoke or soot, and lay it on a table with its black- 
ened surface downward, and then place near it a 
candle in such a position that the light may fall 
upon it at an angle of 56° 45', the light thus re- 
flected will be found to possess properties which it 
had not before. If the image of the candle on the 
glass be viewed through what is called a NicoU's 
prism, that is a rhombic prism of calcareous spar, 
two images will be observed, each of which will 
present a different colour; if we now rotate the 
prism, the images will likewise turn the one round 
the other until they arrive in that position in which 
the one shall be placed directly over the other, when 
both will present the colour of the light from the 
candle. If we continue the rotation, not only are 
their colours found to change, but at length one of 
the images disappears altogether, at a certain deter- 
mined position of the prism. 

If a tube constructed of any appropriate sub- 
stance be filled with a saccharine solution, and 
closed at both extremities by means of plates of 
glass, in such a manner that the fluid may be re- 
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tained within it, and then be interposed between the 
in^age and the prism, we shall observe two images 
in the position in which we before saw biU one; 
and on further rotation we shall obtain a new posi- 
tion, in which the double image will appear. The 
arc described by the notation of the prism determines 
the amount of action of the substance iDter[g>sed. 
Instruments constructed upon these principles can 
be obtained from any of the philosophical instrument 
makers. A scale is attached to them, adjusted to 
measure in degrees the rotating powers of saccharine 
liquids. 

The rotating power of water being 0, if any 
power be observed it must depend upon some sub- 
stance contained in it; and in pure syrups this 
must, of course, be sugar. The amount of the 
power is in direct ratio with the quantity of sugar; 
in other words, with the density of the syrup and 
the length of the tube. 

The value of this instrument does not consist 
merely in showing the quantity of sugar contained 
in a pure syrup, for that could be ascertained by 
finding out the density of the syrup, but it enables 
us likewise to discover whether its density be owing 
to the quantity of sugar contained in it, or to some 
other substance which possesses a diflferent kind of 
rotation. The results produced when a solution of 
cane-sugar is thus examined are seen to be effected 
by a rotation of the prism from left to right and from 
above downwards ; but if a solution of glucose or 
sugar of fruit be substituted for the above, the 
effects will be produced by a rotation of tlie prism 
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in the opposite direction, that is from the right to- 
wards the left. 

These effects, however, are not peculiar to the 
two varieties of sugar mentioned above, but they 
are also observed in many other substances; for In- 
stance, the effects observed on the examination of a 
solution of dextrine are in many respects similar to 
those described as occurring when a solution of 
cane-sugar is submitted to the same mode of inves- 
tigation, so that were these two bodies to be so 
mixed together as to form a solution of a density 
of ^0°, we should be led into a serious error were 
we to trust to the results produced by the polari- 
scope as indicative of the amount of sugar that it 
contains. 

When we apply this method of investigation to 
cane-juice, we should remember that there is always 
present in this fluid a small quantity of dextrine. 
But when the canes are healthy and mature, the 
quantity is so minute that its effects are insignifi* 
cant, and the results produced may be attributed 
exclusively to the cane-sugar. The amount of the 
latter substance may thus be very accurately ascer- 
tained. 

If a syrup obtained from healthy cane-juice, and 
which is of such a density as to indicate that the 
amount of cane-sugar which it contains is equal to 60 
parts in 100, be, on examination by polarised light, 
found to possess a rotating power equivalent to that 
which would be produced by half of that quantity 
only, we should conclude that its powers of rotation 
have been disturbed by an admixture of some other 
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substance which is possessed of powers of rotation 
in an opposite direction, and, in all probability, that 
this substance is glucose, which has been formed dur- 
ing the process of concentration, or previously. 

Evaporation is very frequently employed as a 
means of ascertaining the amount of cane-sugar 
contained in any solution. When the solution, con- 
sists of pure sugar and water only, and when the 
evaporation of the latter is performed at^ the ordi- 
nary temperature of the atmosphere, this method 
may fulfil its purpose tolerably well. But in this 
case it is unnecessary, as the density of the liquid 
is a correct indication of what we wish to ascertain. 
When the evaporation is performed at a high tem- 
perature, the result obtained cannot be depended 
upon, from the risk of converting a part of the cane- 
sugar into glucose. 

The method usually resorted to by chemists, 
for ascertaining the amount of sugar contained 
in a given solution, is either the following, or one 
closely resembling it. Presuming that cane-juice 
is the saccharine fluid to be examined, a weighed 
quantity of it is filtered and a portion of very strong 
alcohol equal to half its bulk is added to it; a floc- 
culent precipitate immediately takes place, which is 
removed by a renewed filtration. The liquid is 
then placed under the receiver of an air-pump, into 
which is, at the same time, introduced a vessel con- 
taining a quantity of perfectly caustic lime. On the 
air being exhausted, the water, in consequence of 
the affinity which its vapour and the lime have for 
each other, is evaporated, while the alcohol remains. 
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In the course of ten days or a fortnight, the alcohol 
becomes too strong to retain the sugar in solution, 
and this substance is, consequently, precipitated. 
The precipitate is then to be washed in strong alcohol, 
and, having been carefully dried, it may be weighed 
and its amount ascertained. 

An equally accurate result may be obtained by 
boiling and filtering the cane-juice, and then evapo- 
rating it in a shallow vessel over a water-bath, 
until it has acquired the state of a very thick syrup. 
A small quantity of spirits of wine is added, and 
the two liquids are blended together. The mixture 
is then treated under the air-pump in the way just 
described. This experiment does not occupy the 
length of time required by the former one, and it is 
equally effective. 

Or the cane-juice, Having been boiled and filtered, 
may be concentrated in a shallow vessel over a 
sand bath, at a temperature not exceeding 150° or 
160°, until it becomes almost dry. It may then be 
dissolved in boiling alcohol, and, after filtration, the 
solution is decantered into a bottle, which must be 
corked and laid aside until the crystals of the sugar 
are deposited. Although the results obtained by this 
mode of proceeding are said to be tolerably accurate, 
and although it is more generally practicable from 
its not requiring the employment of an air-pump, I 
greatly prefer either of the two former when they can 
be performed. 
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CHAPTER I. 

MEANS RESORTED TO TO EXTRACT THE JUICE FROM THE CAKE. 
— SUGAR MILL. — QUANTITY OF JUICE OBTAINED UNCERTAIN. 
— HYDRAULIC PRESS. — SLICING AND DRYING OF THE CANES. 

MICHIEL's process. — RESULTS OBTAINED BY MILL IN- 

CREASED BY CARE AND ATTENTION. — FIVE-ROLLER MILLS. — 
FOUR-ROLLER MILLS. WANT OF ECONOMY IN THE EMPLOY- 
MENT OF MEGASS AS FUEL. — MOTIVE POWERS APPLIED TO 
SUGAR MILLS. 

The period of the year has arrived when the 
canes are to be cut, and their saccharine fluid ex- 
pressed that it may be converted into sugar. The 
preceding eflforts of the planter are now to be tested, 
they are about to assume that form by which their 
value is to be estimated, and on the quantity and 
quality of which his profit or loss for the year will 
depend. 

That it is the interest of the planter to obtain the 
largest possible amount of sugar from the canes ap- 
pears to be so obvious, that we can scarcely suppose 
that a doubt could be expressed respecting it. 

But does the planter of the present day so con- 
sider it? Does he believe that the object for which 
the canes have been cultivated at so enormous an 
expense, is that of obtaining sugar from them ex- 
clusively?— or has he overcome so many difficulties 
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in bringing them to maturity, that he may employ 
them for some other and ulterior purpose? These 
questions will be answered presently. 

I must, however, at once declare that his sole 
consideration, after having obtained the canes in 
the most perfect condition that circumstances have 
permitted, ought to be the means to which he 
should resort for extracting their saccharine consti- 
tuents in the greatest abundance, and in the greatest 
purity. 

The fluid contents of a cane form 90 per cent 
in weight of the entire structure of the stem : they 
consist of water, holding in solution a large quan- 
tity of crystallisable sugar, and a small amount of 
other substances, the presence of which would prove 
highly injurious if not removed shortly after the 
vitality of the plant has ceased. The remaining ten 
parts constitute the woody tissues of this portion of 
the plant. 

It has likewise been shown that it is highly pro- 
bable, if not certain, that during the life of the cane 
the various substances which enter into the com- 
position of its juice are never found mingled to- 
gether, but that sugar and water alone form the con- 
tents of the cells, whilst the others are found in solu- 
tion in the sap vessels exclusively. 

The anatomy of the sugar-cane teaches us, that 
to obtSiin these two fluids separately is altogether 
impracticable; nevertheless, we may inquire whether 
the whok of the sugar can or cannot be obtained in 
a state, more or less free from an admixture with 
the other substances, by means which are applicable 
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to the manQfactory, as we have seen tbat it can be 
eff(M;tad in the laboratory of the cbemut. 

The means at present resorted to, or wUefa. hawe 
been proposed for adojitioo, to extract the acebarine 
matter from the cane, are the following : — 

lit. ITie Sugar MiU, — This is the mode luiwcnftllj 
employed in all the colonies for extracting die aac^ 
charine constituents of the cane. The oNHlnietioa 
of the mill is too well known to require descriptioa. 
It may be sufficient to say that it consists easentiaUj 
of three rollers, which are placed sometimes in a hori- 
zontal, and sometimes in a vertical direction. 

The canes are submitted to the action of these 
rollers; and, in consequence of the great preasare 
and squeezing which they undergo, the wboleof their 
tissues are completely broken up and lacerated. The 
degree of pressure is always so managed, however, 
that caeh cane shall, as far as possible, be drawn from 
lietween the rollers, preserving its entire length, so 
that it may the better serve the purpose for which it 
is ultimately destined, namely, that of fuel, by the 
exclusive means of which the sugar of the following 
year is to be manufactured. 

Cane-juice, thus obtained, must necessarily be a 
very heterogeneous fluid, comprising not merely a 
varying amount of all the soluble substances which 
enter into the formation of the plant, but also of 
much solid and insoluble matter likewise. The latter 
consists, for the most part, of cellulose and woody 
fibre, of earthy particles which have adhered to the 
Cfin(5, of green colouring matter, &c., and which are 
^m\y separable by filtration. 
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We possess no information by which we can ascer- 
tain the precise amount of the fluid thus obtained 
from 100 lbs. of canes in the British sugar-growing 
colonies. I have questioned many planters upon the 
subject, but always without success; and my own 
observations have been too limited in their extent to 
deserve much weight as an authority. 

Fortunately, we have other sources of information 
which, by enabling us to learn the results obtained 
in foreign but neighbouring colonies, furnish us with 
data for arriving at a knowledge of those obtained in 
our own. 

Three or four years ago M. Duprez, pharmacien 
in the French marine, was sent by his government 
on a special mission to Guadaloupe, for the purpose 
of making a series of experiments on the composi- 
tion of the sugar-cane. This gentleman, attaching 
a just importance to the quantity of cat)e-juice 
which is ordinarily obtained from the canes, details 
a number of experiments which he performed on this 
point on various estates throughout the island. The 
weight of canes in each trial varied from 200 lbs. to 
12,000 lbs., and the average amount of juice furnished 
by 100 lbs., crushed in the diflferent mills, was as 
follows : — 

1. By mills having horizontal rollers ; the motive 

power not stated • . . 61*2 lbs* 

2. By mills ; motive power, steam . . 60'9 

3. By mills ; motive powers, wind and steam . 59 3 

4. By mills having vertical rollers . ; 69-2 

5. By mills ; motive power, cattle . • 58*5 
0. By milk ; motive power, wind • • 56*4 



96 THE 8UGAR MILL. part it. 

He further states, that although the quantity of 
cane-juice varied from 68*5 to 64 per cent, the ave- 
rage of his experiments was 66 per cent. only. 

M. Avequin gives 60 per cent, as a general ave- 
rage of the juice expressed from canes in Louisiana, 
while M. Senez states that he only obtained 36 per 
cent, of cane-juice, by means of a mill worked by 
steam. M. Paul Daubr6e, in a pamphlet, the 
translation of which by Mr. Thompson of Jamaica, 
is, I Ijelieve, generally known among planters, con- 
siders 60 per cent, as a full average expressed by 
the mills throughout the Island of Martinique. 
The lowest amount that my own observation in the 
West Indies permits me to give, is 47 per cent, 
and the highest 61 per cent; but, as I have just 
mentioned, it has been too limited to be offered as 
an authority. In the Island of Madeira I obtained 
at two different times by the same mill, and from 
canes of similar character and quality, 47*5 and 
70*2 per cent of juice. The mill was a small one, 
made at Aberdeen about two years previously, on 
the ordinary principle, with horizontal rollers, and 
the motive power was cattle. During the experi- 
ment which furnished the last and largest result, 
the rollers were braced more than usually tight, 
and the number of canes introduced at a time were 
five or six, being the utmost that the strength of the 
cattle would admit of The canes were squeezed once 
only ; indeed, the megass was too much lacerated to 
admit of its being passed between the rollers a second 
time with advantage. 

There is a considerable difference, as we may 
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perceive, in the results given above, but Ibis differ- 
ence does not excite so much surprise as the com- 
paratively small proportions of cane-juice, vj^hich 
appear to be obtained as a general average in those 
countries in which this matter has been inves 
tigated. 

How far these results correspond with those 
which would be obtained by a general and strict 
inquiry being established throughout the British 
colonies, it would be idle even to surmise; but 
there is every reason to believe, that the compari- 
' son would prove an unfavourable one to the latter. 
Many reasons lead me so to believe : — 1. Because 
we can scarcely expect to find superiority, or even 
equality, where no attempts have been made to 
obtain it. 2. That when we are ignorant that a 
deficiency exists, little pains will be bestowed to 
correct it. 3. When, from the force of circum- 
stances, more attention is paid to the obtaining of 
an abundant supply of megass, to serve as fuel for 
the concentration of the cane-juice of the following 
year, than I, at least, have ever seen evinced for 
obtaining a full and adequate supply of juice for 
the present. 

Let it not be supposed from the above remarks, 
that I consider that the French planter possesses a 
more extended knowledge of his art, greater ac- 
quirements, or more industry than his English 
confrere, I should be sadly unjust towards my 
countrymen by such an insinuation. I have had 
opportunities of appreciating the qualities of both,, 
and unhesitatingly acknowledge, as a general rule, 
7 
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that both as agriculturists and sugar-boilers the 
latter are superior. But this admission does not 
invalidate what I have just stated; for, attention 
having been drawn to this subject in the French 
colonies in a very remarkable degree, it has received 
far more consideration there than it has in our own 
^possessions. 

The due and efficient expression of the juice 
from the cane is a subject of the very highest im- 
portance, for it is evident that upon this cause 
alone may depend the fortune or the ruin of a 
proprietor of a sugar plantation. 

2. The hydraulic press has been proposed as a 
substitute for the mill, and as a better means of 
expressing the cane-juice. It has been introduced 
into Jamaica and St. Vincent's, but with what 
success I am unacquainted. I know not whether 
it has ever been submitted to a fair trial, and the 
results obtained by it compared with those obtained 
by the mill. 

Unfortunately, there is no organised system as 
yet established among the colonies, by which the 
knowledge and experience of one may be diffused 
among the many. From the want of the means of 
reciprocal communication, repeated and well-ascer- 
tained failures of a scheme, which have caused its 
rejection in one colony, do not prevent frequent and 
renewed trials of it in others. Or, if it has proved 
successful, ignorance of its success, aided most 
probably by a scepticism which has been rendered 
obstinate from witnessing repeated failures, causes 
a long period to elapse before its reception becomes 
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general. Thus it may have been with the hydrau- 
lic press. May not its more general employment 
have aborted for some similar reason ? 

3. It was proposed a few years ago to cut the 
canes into thin slices, which were to be dried, 
either in the sun or by means of artificial heat, 
and then forwarded to Europe for the purposes of 
manufacture. This scheme was tried in Guada- 
loupe, and, as might be imagined, failed. Decom- 
position of the canes commenced on board ship, and 
on arrival in France the whole of their sugar was 
destroyed. Moreover, if they had arrived in a 
perfectly sound state, the trouble and expense at- 
tending the operation of slicing and drying, coupled 
with the additional freight, render it questionable 
whether the scheme would have been remune- 
rative. 

4. A few months ago a patent was taken out for 
the French and British colonies by M. Michiel, for 
extracting the sugar from the cane by an entirely 
new process. It consists in cutting the canes into 
extremely thin slices, and then submitting them to 
the action of a mixture of lime and water, which, it 
is presumed, will coagulate and render insoluble 
the whole of their nitrogenised constituents ; thus 
permitting the extraction of the whole of the sugar 
with the soluble salts by means of water. 

Were this process as practicable as its admirers 
seem to think, it ought, unquestionably, to be uni- 
versally adopted; for I believe that were it skil- 
fully carried out, almost the whole of the saccharine 
matter in the canes would to a certainty be ex- 
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tracted. It remains, however, to be seen whether 
it is really so practicable, or whether its application 
will be sufficiently cheap. I much fear that the 
circular knives, by which the canes are to be 
sliced, if we may judge from what occurs in the 
slicing of the beet-root, will be subject to continual 
derangement, and their edges blunted by the sili- 
cious coating of the cane. It may be doubted 
whether the operation will prove a sufficiently 
speedy one to admit of its adoption on large estates. 
The amount of evaporation demanded would also 
be great. This, it is true, may be obviated by 
placing the canes, thus sliced, in a succession of 
boxes having perforated bottoms, and placed one 
over the other in such a manner that boiling water 
poured into the upper one will gradually percolate 
through each of the subjacent ones, and thus, by 
robbing the canes successively of the greater portion 
of their sugar, the saccharine liquid will become gra- 
dually more inspissated as it descends, until, when 
it comes away from the lowest box, it will have 
assumed the state of a syrup of considerable density. 

I offer the above remarks, frankly, because I 
think that. this scheme presents much that is ad- 
mirable ; nevertheless, like many others, it requires 
the touchstone of experience. 

After all, it must be admitted that at the present 
time, the only means which have been sufficiently 
tested to give us the confidence we have a right to 
demand, for obtaining the saccharine fluid from 
the cane, is the mill. We must, therefore, attempt 
to the utmost of our power to correct, at least in 
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some measure, its present imperfections, or rather 
the imperfect results obtained by it. 

I have shown that from a more tight bracing of 
the mill, the quantity of cane-juice obtained from 
100 lbs. of canes may be augmented from 48 lbs. to 
70 lbs. ; but it is evident that to effect this increase 
a corresponding augmentation of the motive power 
will be required. 

Our present inquiry is confined to the means to 
be adopted to render the mills already erected more 
effective than they are generally found to be. The 
improvements in their construction, and the ap- 
plication of the most advantageous motive powers 
will be considered hereafter. 

To render a mill as efficient as possible, the fol- 
lowing rules should be attended to : — 

1. The rollers should be made to approximate as 
closely as the work which they have to perform will 
admit of In mills, in which the rollers observe 
a vertical direction, the space between the first' 
and second should scarcely, if at all, exceed i of 
an inch, jvhilst a distance of i of an inch is the 
most that should be allowed between the second 
and third. When they are placed horizontally, 
the upper one ought to observe a space of I to 
i of an inch from the two lower. These distances 
can never, perhaps, be accurately given in every 
case, but the requisite degree of bracing should 
always be strictly attended to. 2. The velocity of 
the rollers should be rendered as uniform as pos- 
sible, not by diminishing the amount of the motive 
power, but by a carefully regulated supply of canes. 
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3. The canes when thrown -upon the feeding board 
should be upon the same plane, and never suffered 
to cross each other, otherwise the motion of the 
rollers will be checked, and the canes will be sub- 
mitted to unequal pressure. 4. The megass should 
invariably be repassed between the rollers so as 
to extract, as much as possible, the juice which still 
remains in it. 

When the canes are rich, and their juice of con- 
siderable density, the megass should be sprinkled 
with a little water, ot, where it is practicable, ex- 
posed to the action of steam before it is submitted 
to the pressure ; but when the canes are large, 
green, and watery, this may dispensed with. 

By following the foregoing rules, the quantity of 
cane-juice may be increased, at least, 20 per cent., 
that is, a mill which ordinarily gives 50 lbs. of 
juice for every 100 lbs. of canes which are crushed 
by it, may by a little attention be made to increase 
the quantity to 60 lbs. at least, and the one which 
now produces 60 lbs. may be made to yield 70 lbs. 
from a like quantity. 

This amelioration may be obtained without any 
additional outlay of money; a little watchfulness 
on the part of the planter, to see that his orders 
are carried out, being all that is required for its 
accomplishment. 

There are, unfortunately, many mills, which, 
either from age, the want of solidity originally, or 
from a construction altogether imperfect, produce 
even an inferior result to those given above. A 
comparative amelioration will follow the application 
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of these rules in all cases ; but the only real amelio- 
ration which can be effected in the cases alluded 
to, is the removal of the old mill and the erection 
of a new one. The present, it is true, are not the 
times when sugar properties in the West Indies 
permit an indiscriminate outlay of capital for the 
purchase of new machinery. But it must be re- 
membered, that the difference between 45 or 50 lbs. 
and 70 lbs. of juice, extracted from equal quantities 
of canes, indicates a corresponding difference in the 
amount of the crop; while the annual expense attend- 
ing the cultivation of the estate, would be in both 
cases the same. If the erection of another mill be 
decided upon, we may inquire into the principles that 
should guide us in its selection. 

One evil attending the mill composed of three hori- 
zontal rollers, is the re-absorption of a part of the cane- 
juice by the sqfueezed, but spongy megass. Another 
and much greater one, is the loss of power caused by 
the oblique direction of the crushing force and the in- 
ordinate amount of friction. 

Mills have been within the last few years manu- 
factured with five rollers, which are placed with 
regard to each other, in the same manner as are 
the three rollers in the usual horizontal mills — 
that is, two are placed above and three below. 
Mills thus constructed have been successfully used 
in Cuba, Bourbon, and the Mauritius, 70 per cent, 
of juice having been obtained by them at one ope- 
ration, without much greater laceration of the 
megass than is usually produced by the three- 
roller mill. But, as might be foreseen, a great 
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objection has been raised against them, owing to the 
very considerable increase of motive power which 
they require. 

Latterly, sugar mills have been constructed with 
four rollers, which are placed two below, and the 
other two above and immediately over the former. 
These mills have been greatly extolled, producing, 
as it is said, from 70 to 75 lbs. of juice from 100 lbs, 
of canes, with a motive power little, if any, greater 
than that which is required by an ordinary three- 
roller mill of equal size. I have not seen mills of 
this construction in operation, but I believe that the 
advantages, which they are said to possess, have not 
been exaggerated. 

That, by any mechanical means, the whole of 
the juice will ever be extracted from the cane, can- 
not be expected; indeed, from obvious physical 
causes, this result would be impossible; but it is 
certain that the quantity at present obtained, 50 lbs., 
may very readily be increased to 70 or 75 lbs. from 
100 lbs. of canes. 

It is evident, that in recommending the effective 
squeezing of the canes, the preservation of the 
megass has been regarded as a very secondary 
consideration. 

No doubt it would be exceedingly agreeable, 
were we able to extract the entire amount of juice 
from the canes, and yet find in the remaining 10 per 
cent, of woody fibre, &c., a sufficiency of fuel to eva- 
porate an equal amount of cane-juice during the en- 
suing crop. Unfortunately, we cannot have our 
cake and eat it too. The question to be decided 
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is very simple, namely, whether all our labours have 
been expended in raising canes for fuel, or for the 
manufacture of sugar. 

The absolute quantity of wood contained in the 
stem of a sugar-cane is 10 per cent, of its weight. 
The only other constituent which, when the cane 
is carefully exsiccated, may likewise serve as fuel^ 
is the sugar, and this may be considered as amount- 
ing to seventeen parts per cent. The quantity of 
water will then be about seventy-two parts in 9ne 
hundred. These proportions are subject to variations 
from many causes; but they are suflSciently stable to 
illustrate what I wish to point out, namely, that the 
amount of combustible substances contained in the 
cane is to the water as 27 to 72. 

The extent of evaporation that can be effected 
by the combustion of sugar has not, I believe, been 
ascertained in this part of the world ; it is only in 
the colonies that the extensive use of this substance 
as an article of fuel is ever heard of. Let us, 
however, suppose that the mixture of sugar and 
wood, such as exists in a carefully dried cane, 
equals in this respect coal, and that when it is 
employed in the unskilful and wasteful manner at 
present practised with the megass, it is capable of 
evaporating five times its weight of water. It will 
follow that the fuel obtained from 100 lbs. of dried 
canes, is equal to effect the evaporation of 135 lbs. 
of water, or in other words, that it will be able to 
inspissate the whole of the cane-juice contained in 
200 lbs. of canes, to the state of a strongly granulated 
syrup. 
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Fifty pounds of megass (if carefully dried and 
preserved with the greatest care) obtained by the 
expression of an equal weight of juice from 100 lbs, 
of canes, would, by a similar calculation, contain ten 
pounds of wood and t of 17 lbs. of sugar =■ to about 
17J lbs. of fuel, capable of evaporating 874 lbs. of 
water, or, of reducing to perfect dryness, the whole 
of the juice contained in 121 lbs. of canes. 

Unfortunately, it is found in practice impossible 
to dry the megass in such a manner as to preserve 
within it the quantity of combustible materials 
given above. For whether it be stacked at once, 
or be previously exposed for some hours to the 
rays of the sun, fermentation of the juice retained 
in it commences, and the sugar is converted into 
incombustible bodies, as gum, lactic acid, &c., or, 
into others, which are rapidly evolved, as carbonio 
acid and alcohol; so that when the time arrives 
when its use as fuel is required, little more remains 
available for the purpose than the woody fibre, 
that is to say, that instead of obtaining 17i of fuel 
from canes v^^hich have given 60 parts in 100 of 
juice, 10 parts only are actually serviceable; and 
the amount of evaporation which could be effected 
by this quantity, would be equal to 60 lbs. of water 
only. 

^ The planter would appear to be in a great lAea- 
sure aware of this fact, by offering as a reason for 
the imperfect pressure to which he submits the 
canes, the fear of having a larger evaporation to 
effect than his fuel is capable of accomplishing. 
When he states, however, that by imperfect pressure 



CHAP. I. AS FUEL. 107 

he is thereby obtaining a proportionately increased 
supply of fuel for the following year, he is mani- 
festly in error, for the only constituent of the cane 
on which he can rely for that purpose, is the woody 
fibre, which will be equally abundant to whatever 
extent the pressure may have been carried. 

To exemplify the loss which a sugar plantation 
annually sustains from an adherence to this most 
shamefully extravagant system, I will suppose, that 
by increased pressure the amount of cane-juice ob- 
tained is augmented merely from 60 lbs. to 60 lbs. 
in every 100 lbs. of canes. It is clear that the 
amount of sugar, molasses, and rum, must be in- 
creased in the same proportion, and, therefore, an 
estate, which otherwise would give 200 tons as its 
annual product of sugar, would, from this cause 
alone, afford 240 tons. 

Let us also suppose, that there being no other 
available fuel at hand in place of the megass, coals 
have to be imported from England, at an- expense 
of il per ton, and that 240 tons would be re- 
quired to evaporate the requisite quantity of cane- 
juice to make the same number of tons of sugar; 
the price of the coals would represent the expense 
attending the augmentation of the produce. The 
sugar would be worth at least 20/. per ton, con- 
sequently, the clear gain would be 800/. less 240/., 
or 660/. 

The profit, however, would not be confined to 
the mere increase of forty tons of sugar ; the 
megass, after due fermentation, would produce an 
amount of farm-yard manure, which, when thrown 
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upon the land, would augment the quantity of 
canes for the ensuing crop, at least, 20 per cent., 
and, in the greater number of colonies, very much 
more. In Barbadoes, for instance, there are many 
estates that after a good supply of manure, readily 
yield, in favourable seasons, three tons of sugar per 
acre, which, without that assistance, would not 
yield one. 

But, admitting that a planter may not choose to 
employ his megass in that manner, it is still avail- 
able for the purpose of fuel, for its woody tissues 
remain in all their integrity, and, probably, by 
its employment, the quantity of coals required 
would be reduced to less than half the quantity 
given above. 

I cannot, however, leave this subject without 
again entreating every proprietor of sugar estates 
in the West Indies, to give it his most serious con- 
sideration. If, as I believe, the average quantity 
of juice expressed from the cane in those colonies 
does not exceed 50 per cent., and if, by a moderate 
share of attention, it may be increased to 70 per 
cent., by means already possessed by the great 
majority of estates, it is evident that the augmenta- 
tion of the produce that would follow the adoption 
of a careful and economical system of expression, 
would be equal to 40 per cent., and that the only 
additional outlay which would accompany it would 
be the cost of the material employed for fuel. If 
we take 30 tons as the weight of plant canes grown 
on one acre of land, and if we suppose, that by a 
judicious pressure, 70 per cent, of juice has been 
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obtained from them = 21 tons, we shall possess nine 
tons of megass available as a manure. We will also 
admit, that three tons of coals would be required 
to concentrate this quantity of cane-juice to a crys- 
tallisable syrup, and that their cost would be 3/. 
This must be placed against the nine tons of manure, 
the value of which would be, at least, 4/. IO5., or 10s. 
per ton; consequently, the value of the megass em- 
ployed as manure, would be 50 per cent, greater 
than it is when used as a material for fuel ; and the 
increased saving to the estate would observe the same 
proportion. 



Motive Powers applied to Sugar Mills. 

The motive powers attached to the sugar-mills in 
all the colonies, consist of cattle, wind, water, and 
steam. Whatever be the power, it is essential that it 
should be sufficient for the purpQses which it has to 
perform ; and that it should be at all times available. 
When these requisites have been obtained, we may 
then study, what is generally so much talked about 
in the colonies, economy, a term, however, which is 
often most egregiously misunderstood. 

Cattle mills are still very generally seen in many 
of the colonies. The animals usually employed are 
mules. From their great cost, from the number 
required to perform the work, from the mortality 
to which they are subject, and from the additional 
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labour which their care, food, &c., entails, this kind 
of power is very expensive. The only, advantage 
that I have ever heard attributed to it, is the manure 
which its employment furnishes. Manure must, 
indeed, be much wanted, and its value must be great 
under such circumstances ; for the droppings of ani- 
mals so lean and ill-fed, as those poor creatures too 
often are, are almost worthless for such a purpose, 
being scarcely better than the herbs that they have 
fed upon. 

Wind is frequently employed as a motive power, 
and, in Barbadoes, it may be said to be almost the 
only one. It offers, at least at first sight, economy 
as a recommendation, which, without doubt, is a 
very considerable one. The trade-wind, which 
sweeps across the tropical portions of the Atlantic 
Ocean, particularly during the period of year when 
the sugar crop is going forward, constitutes a force 
sufficiently powerful for the ordinary wants of the 
mill. But even there it does not altogether lose 
the character of fickleness so commonly attributed 
to winds in general ; so that it not unfrequently hap- 
pens, that the crop is retarded until the juice of the 
canes has much deteriorated, by the setting in of the 
rains, probably at a period unusually early, from the 
want of a sufficient amount of motive power. I 
think, that where this power is used, it ought always 
to be accompanied by a small high-pressure steam- 
engine, as an auxiliary when circumstances may re- 
quire it. 

Watery where it is sufficiently abundant, and 
where the supply can be always depended upon, is, 
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unquestionably, the power best suited to the cir- 
cumstances in which the West Indies are placed. 
It is as economical as wind, it is more powerful as 
generally applied; it is very manageable, and its 
force is easily regulated ; and, at the' same time, it 
is unaccompanied with the same uncertainty. Un- 
fortunately, few estates are so situated as to admit of 
the application of this power. 

Steam is a power that is universally applicable, 
and its employment, consequently, is becoming daily 
more general. Its advantages are indisputable ; but 
it would be impossible to discuss in this place a sub- 
ject so extensive. The steam-engine best suited for 
the purpose we are inquiring into, is that which is 
denominated the high-pressure engine. As at present 
constructed, this kind of engine may be used without 
fear of accident ; its cost is small, it is easily managed 
and kept in repair, and its economy both in fuel and 
water is considerable. 
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CHAPTER 11. 

DEFECATION OF CANE-JUICE AS AT PRESENT PRACTISED. ITS 

UTILITY. ITS IMPERFECTIONS. PRINCIPLES WHICH OUGHT 

TO GUIDE US IN ITS PERFORMANCE. — IMPROVED METHODS. 
FILTRATION. 

The juice having been expressed from the canes, its 
defecation, or as it is usually called, clarification, 
ought immediately to be proceeded with. 

In many colonies this operation is dispensed with. 
When it is performed the process is as follows : — 

For the most part the cane-juice, as it comes from 
the mill, is received into a cistern capable of holding 
500 or 600 gallons or more, in which it is permitted 
to remain until the clarifiers, or one of them, is ready 
to admit it. These cisterns, or cold receivers, as they 
are called, are made of copper occasionally, but, gene- 
rally, they are merely wooden boxes, lined with sheet 
lead. Their use is very properly becoming less fre- 
quent daily. 

Where the cold receiver is not in use, the cane- 
juice passes from the mill directly into one of the 
clarifiers, which are shallow copper pans of a circu- 
lar form, almost flat, or rather arched slightly up- 
wards at bottom, and capable of holding from 250 to 
500 gallons each. Each is hung over a separate fire- 
place, which is supplied with a damper to regulate 
the combustion of the fuel, or for checking it altoge- 
ther when required. 



oiAP.if. PROCESS OF CLARIFICATION. 113 

When the clarifier is nearly fiUed heat i» applied, 
and on the cane-juice attaining a temperature which 
varies according to the fancy of the person who has 
charge of the operation, but which is usually about 
140^, a portion of lime is added, either in its caustic 
state, or in that of a hydrate, or, as it is calledi 
slaked. Usually the lime is slaked by means of 
water, and it is then made to form- a milky or 
creamy-looking fluid ; but occasionally this effect is 
produced by the addition of clarified cane-juice, or 
of syrup taken from one of the coppers. The latter 
plan has its admirers ; for the lime, when thus 
treated, having entered into combination with a due 
proportion of sugar, its combination with the sugar 
of the cane-juice, it is thought, is less likely to take 
place. 

In which way soever employed, the quantity re- 
quisite to perform the desired effect is a point on 
which few sugar-boilers agree; they all admit, how- 
ever, that it varies according to the quality of the 
cane-juice. 

To ascertain with greater accuracy the amount 
of lime required, it is customary in many boiling- 
houses to fill three or four wine-glasses with cane- 
juice drawn from the clarifiers, and to drop into 
each successively increased quantities of lime-water ; 
the one which produces the most favourable result 
being taken as the indication of the quantity de- 
manded. 

On the addition of the lime, the cane-juice is 
freely stirred, so that the two bodies may be inti- 
mately blended together. The beat is cautiously 
8 
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increased until it approaches the boiling point, and 
until a thick scum forms upon the surface, which 
cracks and separates into two or three pieces, allow- 
ing the clear liquor to be seen between them. 

The fire is then extinguished, and the cane-juice 
is suffered to remain undisturbed until the remain- 
ing feculencies have subsided. When this is sup- 
posed to have taken place, the cock of the clarilSer 
is turned, and the clarified juice passes immediately 
into the grand copper. 

Cane-juice defecated in this manner is generally 
transparent, of a yellow colour, occasionally ap- 
proaching to orange ; it may be alkaline or neutral, 
or slightly acid, according to circumstances. On 
attentive examination, minute flocculent particles 
may always be discovered in it, either by the naked 
eye, or with the assistance of a common lens. 

One or two planters of my acquaintance are in 
, the habit of submitting the cane-juice to a double 
clarification ; the first by means of heat alone, the 
second with heat and lime combined. 

The above is the plan usually pursued in per- 
forming one of the most important operations in the 
whole process of sugar-making ; although in many 
respects the object to be attained by it is but im- 
perfectly accomplished, nevertheless, very consider- 
able benefit is at all times derived from it 

By defecation, our purpose is to remove as much 
as possible from the cane-juice all those substances 
which are likely to injure the quality of the sugar 
by their mechanical mixture with it; or those, the 
presence of which would, if long continued, inevi- 
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tably produce some chemical change in its saccha- 
rine principle, and thereby either diminish the 
quantity of sugar which ought to be obtained, 
injure its quality, or produce both these results. 

Those substances are, as before stated : — 1st. In- 
soluble impurities, consisting of small particles of 
earthy matter, bruised pieces of cane, chlorophylle, 
&c. 2d. The proteine compounds, albumen, and 
caseine. 3d. Soluble colouring matter. 4th. Salts. 
We possess no means of getting rid of the last 
mentioned, as I have before had occasion to state. 

The separation of the first, or insoluble impuri- 
ties, can be effected by means purely mechanical. 
In the West Indies these matters are permitted to 
run into the clarifiers, as we know, and are separated 
only subsequently to the application of heat. But 
this plan always entails a loss of cane-juice, which is 
retained in a considerable quantity in the bulky scum 
at the top and the thick sediment at the bottom. 
This loss may be prevented, and a better defecation 
obtained by submitting the cane-juice to a coarse 
straining, rather than a filtration, previously to its 
going into the clarifier. 

Filtration of the cane-juice, antecedent to its 
passage into the clarifier, has been repeatedly prac- 
tised, and discontinued, in consequence of its either 
being too tedious an operation, or from the dif- 
ficulties which have attended it. The object of 
filtration at this early stage, it should be remem- 
bered, is merely to separate the coarser insoluble 
particles suspended in the cane-juice. It must be 
performed so rapidly that the means employed shall 
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offer no impediment to the free transmission of the 
passage of the liquid, or add to the risk of decom- 
position ensuing. For this purpose a large double- 
bottomed sieve should be suspended over each 
clarifier, the meshes of which should be formed of 
metal wire tj of an inch apart in the upper one, 
and t\y of an inch in the one below. When the 
sieve is foul, after each filtration, the upper bottom 
must be removed, and the adhering impurities 
washed out. 

The removal of the proteine compounds, albumen, 
and caseine, and the soluble colouring matter, cannot 
be effected so easily ; for this purpose we must call 
in the assistance of chemistry. The only chemical 
agents at present employed are heat and lime. 

The first coagulates, and renders insoluble the 
vegetable albumen which at the same time en- 
velops and entangles a large quantity of the floc- 
culent particles suspended in the liquid, and thus 
assists considerably their separation, in the same 
way as the white of egg, or the serum of the blood, 
when added to liquids that it is wished to clarify. 
Heat alone, however, is insufficient to produce 
those effects upon cane-juice which are understood 
by the term defecation. Syrups obtained from 
cane-juice thus treated would show little disposition 
to granulate, while they would have a strong ten- 
dency to decompose. Experience has shown this 
to be the case ; therefore, from time immemorial, 
the application of heat has been assisted by the 
addition of lime, or an alkali obtained by the inci- 
neration of some favourite vegetables. Both soda 
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and potash, either in their caustic stateSi or as car- 
bonatesy defecate cane-juice equally as well as lime ; 
but the great injury that their presence would 
inflict upon the sugar and molasses, renders them 
inadmissible for this purpose. 

The action produced by caustic or recently slaked 
lime on cane-juice, is a very complex one; and I 
believe we are at present far from thoroughly com- 
prehending it. It merits attentive consideration. 

When a drop or two of the milk of lime be suf- 
fered to fall into a tumbler of cane-juice, the colour 
of the latter is immediately changed from a grayish 
green to a bright yellow, on the spot where the lime 
has fallen. This change of colour is accompanied 
by the separation of the liquid into two parts, the 
one being a solid heavy precipitate, formed by the 
collecting together of the insoluble impurities; the 
other, being the cane-juice rendered tolerably clear 
by the separation of those substances. 

Lime saturates any free acid it may meet with 
in the cane-juice ; it sets free a small quantity of 
potash; it forms an insoluble compound with a 
portion of. the caseine, which is either precipitated, 
or which rises to the surface in the scum ; it com- 
bines with three times its weight of sugar — the 
substance produced being very sparingly soluble in 
cold, and still less so in hot water; it dee[)ens the 
colour of the juice. 

When the cane-juice contains a small quantity of 
lactic and acetic acids, an event which occurs more 
frequently now than formerly, owing to the want 
of a sofficienoy of labour to hasten the stages of the 
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manufacture, the lime combines with those acids, 
^nd forms uncrystallisable salts, which preserve a 
portion of the sugar with which they may be in 
contact in a fluid state. 

Should a small quantity of glucose be present in 
the syrup, which is always the case when concen- 
tration has been conducted as it now is in the 
colonies, the lime, probably assisted by a small 
quantity of potash which has been set free, speedily 
converts it into glucio acid ; and the glucates, when 
formed by the prolonged action of the heat, are as 
quickly converted into melasinates of the same bases, 
and the whole syrup is thus rendered of a dark- 
brown or black colour. 

Cane-juice, defecated as judiciously as possible by 
means of lime and the application of heat, throws 
down a further precipitate on the addition of a little 
diacetate of lead. 

It might be supposed, that as lime and heat alone 
are insufficient to produce the entire separation of 
all injurious substances from the cane-juice, and, as 
the employment of the former is far from being 
entirely innocuous, that its use ought to be dis- 
pensed with, and that some other substance ought 
to be substituted for it. 

We have seen, that many substances are capable 
of throwinor down caseine from its solution in cane- 
juice, more or less completely; but the action of 
some of them is less complete than that of lime; 
and others are inadmissible, either in consequence 
of the ulterior injurious effects which would be pro- 
duced on the sugar, or from their poisonous quali- 
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ties. We are therefore compelled to continue the 
employment of lime, either alone, or, still bettei^ 
associated with other substances which promote its 
powers ; and, consequently, enable us to use it in 
quantities so small, as to remedy many of the evils 
which result from it as at present administered. 

1. Defecation by means of lime^ and subsequent fh 
tration. — The first thing to be attended to, is the 
quality and method of preparing the lime. This 
substance ought to be as pure and free from admix- 
ture with silicious or other foreign bodies as possible. 
It should be carefully burnt, and immediately slaked 
with boiling water, which should be added in such 
a quantity as to form a mixture of the consistence of 
cream, and the whole should be strained through a 
fine wire sieve. 

The cane-juice, previously strained as before re- 
commended, having been received into the clarifier, 
heat is to be applied to it as quickly as possible. In 
the meantime, its acid reaction should be tested by 
means of litmus paper, so that we may form an idea 
of the quantity of lime which will be required. Usu- 
ally, the acid reaction is slight, but decided, that is, 
the litmus paper is changed by it from a blue to a 
reddish purple or purplish-red ; but cane-juice pre- 
sents great variation^ in this respect, and with the 
amount of variation will depend that of the lime to 
be added. 

The temperature of the liquor in the clarifier hav- 
ing risen to about 130°, a measure of the milk of lime, 
containing from four to six ounces of pure burnt lime, 
is to be added, and the whole intimately blended to- 
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gather by means of an oar for a minute. The liquor 
must be again tested, and, if necessary, an additional 
quantity of lime must be given to it, until it presents 
a perfectly neutral reaction ; that is, until it neither 
changes the blue colour of the paper to a red, nor 
that into blue which has been previously made red 
by the vapour of vinegar. The heat is to be con- 
tinued until perfect ebullition has been established 
for two or three minutes. The cock of the clarifier 
is then to be turned, and the liquor passed directly 
into the filters. 

Each clarifier is supposed to contain 300 gallons. 
The filters which may be employed, are either the 
common bag- filters or the charcoal filters, both of 
which will be explained presently. The latter, how- 
ever, is an operation uncalled for in this stage of the 
manufacture of sugar. from the sugar-cane, if the de- 
fecation has been carefully attended to. 

From the filters the liquor should pass directly into 
the coppers, whenever this can be accomplished. Un- 
fortunately, as the generality of boiling-houses are 
arranged, this is rarely practicable, in which case it 
must run into a cistern constructed for the purpose, 
and be pumped from thence into the pans. 

When carefully performed, and the quantity of 
lime accurately given, this method is a very good 
one, and answers very well if the cane-juice be good, 
healthy, and freshly expressed. 

.When the quantity of lime has not been quite 
sufficient, so that the liquor has a slightly acid re- 
action, the colour of the sugar will be light, but the 
grain small ; on the other hand, if the liquor be 
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slightly alkalinei the grain of the sugar will, ceteris 
paribus^ be bolder, firmer, and larger, but the colour 
will be darker. 

Whatever be the kind of vessel employed to per- 
form the above, or any of the succeeding modes 
of defecation, it is essential that it shall be con- 
structed of copper. The ordinary clarifying pans 
of the West Indies are all formed of this metal ; 
but some of those which have been latterly intro- 
duced, and which have been constructed on the 
same principles as the blowing-up cisterns used by 
refiners, have been made of, or lined internally, with 
iron ; and I need not say, that they are, in conse- 
quence, unfitted for the performance of many of the 
most successful methods of defecation about to be 
described. 

2d. Defecation by nutgalk.-r^o two ounces of nut- 
galls, finely bruised, add half a gallon of boiling 
water;, infuse for twelve hours, and strain; neu- 
tralise, by means of cream of lime, a clarifier of cane- 
juice containing 400 gallons, and when the tempera- 
ture is about 150° or 160°, add the infusion of galls; 
mingle the whole together by means of a ladle or an 
oar, boil for three or four minutes, and filter through 
bag filters. 

This method may be followed with advantage 
when the cane-juice is viscid, without increased 
acidity. 

3d. Defecation with sulphate of zinc. — To a clari- 
fier containing 300 gallons of cane-juice, previously 
deprived of its insoluble impurities by straining, add, 
ag soon as possible, twelve ounces of sulphate pf zinc. 
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apply heat, and when the temperature has risen to 
160°, add as much milk of lime as will render the 
liquid neutral, or, in the slightest degree, alkaline ; 
boil for two or three minutes, and filter through bag 
filters. 

There are few substances which defecate better 
than sulphate of zinc, employed in this manner. 
But it must be remembered, that this substance is 
poisonous, and whenever used, it is absolutely ne- 
cessary to filter the liquor through bag filters, 
which retain the sulphate of lime and insoluble 
oxide of zinc, in combination with the organic mat- 
ters that have been acted upon ; while the defecated 
liquor passes through free from any deleterious ad- 
mixture. 

4th. Defecation hy means of alum. — Dissolve four 
pounds of common alym in a sufficient quantity of 
pure water, and when the cane-juice in the clarifier 
(350 gallons) is just beginning to get warm, pour it 
in and mix well with an oar or ladle. The cane- 
juice will now have a strong acid reaction, and the 
heat must be quickened, as much as possible, to 
140°, so that neutralization may be effected by the 
addition of milk of lime, added in repeated doses, 
until the litmus paper is no longer altered. Boil 
and filter as before. 

Common alum is a combination of sulphuric 
acid, alumina, and potash. In the above operation, 
the lime has set free the alumina, which imihe- 
diately combines with the colouring matter ; atid 
the free lime and sulphate of lime, produced by 
the decomposition which has taken place, precipitate 
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almost entirely the other organic substances of the 
cane-juice, leaving the sugar unaltered. We could, 
therefore, desire no better means of accomplishing 
our object, were it not that the sulphate of potash 
is retained in solution in the cane-juice, and its 
operation on the syrup and sugar, ultimately ob- 
tained, would be injurious. 

5. Defecation hy means of the sulphate cf alumina. 
— This substance is employed in the way just de- 
scribed for alum. It does not contain potash, but is 
composed of alumina and sulphuric ac.id only. The 
proportions required are about one pound to every 
100 gallons of juice; but twice, or even thrice that 
quantity, may be given with advantage. We must 
be careful, however, to neutralise the liquor, thus 
treated, as quickly as possible with milk of lime, 
otherwise some risk would be incurred of convert- 
ing a portion of the sugar into glucose. Every pound 
of the sulphate of alumina will require about seven 
or eight ounces of caustic lime to effect its decom- 
position ; but a slightly additional quantity may be 
given in all cases, beyond what is merely necessary, 
although the liquor may thereby be rendered slightly 
alkaline. 

I can conceive no better method of defecating 
cane-juice than this. The liquor as it comes from, 
the filter is almost colourless; and all the after 
processes to which it is submitted, are extremely 
satisfactory. I have produced sugar from cane- 
juice thus acted upon, equal in colour to the finest 
clayed Havannah, and possessing a sharp and spark- 
ling grain. 
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Unluckily, the sulphate of alumina is not an arti- 
cle of commerce in this country, owing to there 
being no demand for it. It can, however, be ob- 
tained from France, where it is used in the manu- 
facture of beet-root sugar. We possess, by the de- 
composition produced, three defecating substances 
of considerable power ; namely, the alumina, the sul- 
phate of lime, and the free lime which has been added 
in excess. 

The application of this plan is attended with little 
expense, and no trouble; and the resu'ts obtained 
are, as I have just stated, such as to recommend it 
for general adoption. 

6. Defecation with the sulphates of alumina and 
zinc. — A combination of these two substances may 
occasionally be employed, I think, with some benefit. 
A few experiments induce me to advise a trial of the 
plan, if merely to ascertain in what respect the re- 
sults obtained differ from those of the last. The pro- 
portions used by me have been, one pound of the sul- 
phate of alumina, and two ounces of the sulphate of 
zinc, to 100 gallons of juice. The way of proceeding 
is exactly as above, and the lime must be added as 
indicated by litmus paper. 

7. Defecation hy means of alumina and sulphate 
of lime, — This method is one which has been pur- 
sued with some advantage by refiners, both in this 
country and in France. Two pounds of common 
alum are to be dissolved in about two gallons of 
water, either in a wooden or earthenware vessel; 
purified chalk, which is a carbonate of lime, is 
slowly to be added, and the two intimately mixed 
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together. When all effervescence is over, and does 
not recommence on the addition of a little more 
chalk, the decomposition is complete. The mix- 
ture is allowed to stand until the alumina and 
sulphate of lime have subsided. The supernatant 
water holding the sulphate of potash in solution, 
is poured off, and other water added; and this 
must be repeated until all taste of the sulphate of 
potash has disappeared. The mixture is then to 
be thrown into the clarifier, and intimately mixed 
with the cane-juice when lukewarm; the above quan- 
tity being added to every 100 gallons. Lime must 
be used to neutralise the cane-juice when the tempe- 
rature has reached 160°. The whole must be boiled 
for a few minutes and filtered as before, 

8. Defecation hy sulphuric acid. — About two 
fluid ounces of sulphuric acid, diluted in thirty 
times its bulk of water, is thrown into 300 gallons 
of cane-juice, at a temperature of 120°, and the 
whole well stirred together. In about three or 
four minutes, four ounces of lime, prepared as 
directed, are to be added, and the stirring con- 
tinued until the temperature reaches 170°. More 
lime is then to be added until the liquid is perfectly 
neutral. It must boil for a few moments, then be 
filtered. 

At the first sight this would appear to be a most 
unskilful and injurious way of treating cane-juice. 
The action of the sulphuric acid, if long continued, 
would convert the whole of the sugar into glucose; 
and it is not improbable that this effect is produced 
to a very small extent, even in the short time that 
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the two are in contact. The injury, however, is 
less than, under the circumstances, might be sup-»- 
posed. 

But it is not on healthy cane-juice that this 
method of defecation should be employed; for the 
results obtained by the others are, in such cases, 
very much superior, whilst they are unaccompanied 
by any mischievous consequences. There are, how- 
ever, certain states, in which cane-juice is occasion- 
ally found eminently benefited by this mode of 
treatment. 

Almost all viscid cane-juice is so, but that which 
is obtained from one of the conditions of the cane, 
described, usually, as being "burnt," is the one to 
which it is most applicable. 

9. Defecation hy diacetate of lead. — When seven 
parts of finely powdered litharge, six parts of sugar 
of lead, and thirty* parts of water, are digested 
together at a moderate temperature, the liquid 
which is found at the top consists of this salt in 
solution in the water. It constitutes the liqtcor 
plumbi subacetatis of the pharmacopoeia, and is 
often considered as a tribasic salt. 

If to 300 gallons of cane-juice, accurately neu- 
tralised with lime or chalk, five ounces by weight 
of this liquid, diluted in a quart of distilled water, 
be added, and the whole be carefully stirred and 
heated, the most complete separation of all the or- 
ganic matters, sugar alone excepted, is immediately 
ejffected. 

A patent was taken out a few years ago by some 
parties in this country, for defecating cane-juice 
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and other saccharine liquids, by this ineans. It 
was therein proposed to precipitate any excess of 
the diacetate of lead which might remain in solution 
with the diphosphate of lime. 

This process requires a double clarification; the 
acetate of lead should be added in one vessel, then the 
cane-juice, having been deprived of all the insoluble 
coagula which had resulted from the action of this 
substance, must be passed into a second ; and therein, 
when mixed with a certain quantity of the diphos- 
phate of lime, it must be boiled for a few minutes, 
and again filtered. 

On the addition of the diphosphate of lime, it is 
presumed that the soluble diacetate of lead will be 
converted into the insoluble phosphate of lead, and 
that the acetic acid will form, with the lime, an ace- 
tate of lime. 

That this double decomposition would take place 
under ordinary circumstances, must be admitted; 
but that it will always do so, at least, perfectly, 
when sugar is present in the solution, may be 
doubted. 

I have defecated cane-juice repeatedly with the 
diacetate of lead, employing, however, generally the 
sulphate of alumina as the decomposing agent. In 
every instance the test of sulphuretted hydrogen was 
applied to the filtered liquor ; and it not unfrequently 
happened, that, in spite of all the care bestowed, a 
quantity of lead was detected in it. 

For this reason, from the additional time and labour 
required for the double clarification, and from the 
amount of acetic acid set free, which, whether in that 
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State or when combined with a base, would prove in- 
jurious to the sugar, I conceive that this process 
would be inapplicable to the manufacture of sugar in 
the colonies. 

Indeed, it has been used there, and the conse- 
quences which ensued to a great number of persons 
who made use of the sugar, are now a matter of 
history. The effects produced in the case alluded 
to, were, no doubt, much more severe than they 
would have been, had the cane-juice or syrup been 
properly treated; so that a portion of the lead 
having been rendered insoluble, had been separated 
by means of filtration. The fact of their having 
been produced, however, indicates the impropriety 
of admitting the employment of the salts of lead in 
any of the processes, either of the manufacture or 
the refining of sugar. Its presence is easily de- 
tected, and, if no other evil consequence ensued, its 
discovery would cause all sugars, imported from the 
estate where it had been employed, to be regarded 
with suspicion, if not altogether unsaleable, for a long 
time afterwards. 

10. The bark of the wild elm, theobroma guazuma^ 
has been used in Martinique and Guadaloupe for de- 
fecating, or rather for clarifying cane-juice, with con- 
siderable success it is said. I have never seen this 
substance employed, and therefore am ignorant of 
its value as a defecating agent. 

I have now mentioned all the methods of defeca- 
tion, which I think may be employed with advan- 
tage in a colonial boiling-house. I have endeavoured 
to point out the importance of this operation^ and 
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to show, that upou its being well or badly performed 
depends much of the success of all the subsequent 
processes. 

That defecation may be effectual, a temperature 
suflBcient to produce the ebullition of the cane-juice 
is necessary. As at present performed, the cane- 
juice is not allowed to boil ; otherwise the separa- 
tion of the flocculent coagula and other solid mat- 
ters, from the liquor in which they are suspended 
would be impracticable. The heat is raised to that 
point, merely, which is necessary to produce the 
cracking of the cane-juice ; and this degree effects 
a partial separation only of the substances which are 
coagulated by heat. 

Should the temperature exceed the above point, 
ebullition would ensue, and filtration is then required 
to separate the coagula. The advantages which fil- 
tration at this stage of the manufacture present may 
be stated as follows : — 1st. The greater facility of 
managing the operation, as the cane-juice being 
allowed to boil, the attention at present required to 
the due regulation of the temperature may be dis- 
pensed with. 2d. Ebullition is essential to the com- 
plete coagulation of the albumen. 3d. Economy of 
time, as, after two or three minutes of smart boil- 
ing, the liquor is allowed to run into the filters at 
once. 4th. An increase in the quantity of liquor, as 
nearly the whole passes through the filters, the solid 
matters alone being retained. 5th. The complete 
separation of all solid matter, and the greater trans- 
parency of the defecated juice. 

The necessity for the filtration of the cane-juice 
9 
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being performed, either at an early or later stage of 
the manufacture, is so obvious and so universally 
admitted ; and as it is an operation which can be 
performed in every boiling-house, as at present con- 
structed, during some part of the process of sugar- 
making, it is surprising that it has not been univer- 
sally adopted. 

The filters in use in Europe to separate the 
mechanical impurities from syrups are known by 
the name of bag filters ; they consist of a number 
of strong calico bags, about eighteen inches wide, 
and from three to five feet in length, each of which 
is introduced into another bag of the same length, 
but only six inches wide, and made of a strong and 
open canvass. Into the neck of each sack, thus 
arranged, is inserted a short metal tube, to which 
the sack is tied, and by which it is fixed to the 
l)ottom of a cistern adapted to receive the cane- 
juice as it comes from the clarifier. This vessel 
is placed over the case in which the filters are 
contained. 

It is obvious, by such an arrangement, a large 
amount of filtering surface is obtained in a very 
small space. We are, therefore, supplied with a 
means of most perfect, and, at the same time, most 
rapid filtration. This apparatus can very easily be 
made in every colony. The case may be very con- 
veniently constructed of wood, and at the bottom 
should be attached a cock^ which either allows the 
liquor to escape into the coppers, when practicable, 
or, when that is not the case, into a receiver con- 
structed for the purpose. The apparatus should 
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be placed under the cock of the clarifier, and, of 
course, the number of them must be equal to that of 
the clarifiers. Each should contain a set of twenty 
bags ; and another set should be provided for use 
when the first are being cleaned. The accompany- 
ing sketch will enable us to form an idea of the con- 
struction of a set of bag filters, and their mode of 
application. 




A. Wall of clarifier. 

B. Clarifier, with cock. 

C. Upper cistern of fil- 
ters. 

D. Filters inclosed in 
their case. 

£. Lower cistern and 
discharging cock. 



If the double sieve, formerly described, is not em 
ployed for straining the cane-juice previously to its 
admission into the clarifier, it ought now to be used, 
and placed between the cock of the clarifier and the 
lower part of the upper cistern of the filters; other- 
wise the bags would be speedily choked, and the 
operation would consequently be retarded. 

A very few dollars would be required to form the 
necessary number of filters if expended in the colony. 
If preferred, they may be obtained from any of the 
coppersmiths in the large towns of England and 
Scotland. 

In the manufacture of beet-root sugar, the defe- 
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cated juice, instead of passing through bag filters, 
is made to percolate through beds of animal char- 
coal, which has already been nearly exhausted by 
the filtration of inspissated syrup. On an estate 
where animal charcoal is used for the filtration of 
the syrups, it may be advisable to wash out the ad- 
hering syrup with cane-juice instead of water, as it 
may be considered more economical. I doubt, how- 
ever, whether this would be a very practicable opera- 
tion on a large estate, and when time is so much an 
object. 

The foregoing remarks are applicable to the clari- 
fying vessels now in use in the colonies. These 
vessels, perhaps, might be made a little deeper with 
advantage. 

Steam defecating vessels have been lately con- 
structed. They consist of an iron chest lined with 
copper, in which is coiled a hollow pipe, made of the 
latter metal, having an area and length sufficient to 
supply the due amount of high-pressure steam to 
effect a rapid ebullition of the cane-juice. 

Were steam the heating medium in use in the 
other stages of the manufacture, no doubt it would 
be equally applicable to the one before us. But to 
use it in this part of the process where it is not 
required, and not in the others, would be a piece 
of folly, which, I trust, it is not necessary to point 
out. 
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CHAPTER III. 

EVAPOKATION, OBJECT QF. — PRESENT METHOD. — OBJECTIONS 
TO IT. — IMPROVED METHODS OF.-;— BY NAKED FIRE. — BY 
STEAM. . ^ 

HavIng separated as completely as possible from 
the cane-juice those substances which are liable to 
produce mischief, both by preventing the successful 
performance of the succeeding operations, and by 
the injurious effects which their presence produces 
on the sugar, we next proceed to evaporate a large 
proportion of its water, and reduce it to the state of 
a syrup. 

At the present time the liquor, on leaving the 
clarifier, passes at once to the coppers, where re- 
hewed defecation, evaporation, and concentration 
of the syrup into sugar, are carried on simultane- 
ously. 

These copjiers are segments of hollow spheres, 
they are five in number, are all iarranged on the same 
plane, and are acted upon by one fire. 

When this plan was originally introduced into the 
West Indiesis unknown, but it appears to have been 
in use in India from the earliest period. 

That three operations so very important as defe- 
cation, evaporation, and concentration, should be 
performed at the same time and in the same vessels, 
without serious injury arising in one or other of the 
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processes, a little reflection would show to be impos- 
sible, and experience has proved that it is so. 

That this plan has been continued up to the 
present time is not the fault of the planter. Until 
recently the introduction of fine sugars into this 
country was virtually prohibited by the extraordinary 
differential duties attached to them. The planter, 
consequently, sought to obtain, by the cheapest 
means in his power, the largest possible quantity of 
an article best suited to give him a money return 
for his labours. Thus the sugar manufacture in the 
colonies was restricted to the obtaining from cane- 
juice a semi-crystallised concrete, which we recog- 
nise in Muscovado sugar. 

Under such circumstances, it is not surpising to 
find old authors rapturously extolling a plan which, 
whatever might be its imperfections as a means of 
obtaining a thoroughly good product, allowed, as 
was then imagined, the planter to produce such a 
one at least as his position exclusively permitted, 
with economy, with little trouble, and without the 
exercise of much manufacturing skill. 

A knowledge of what really occurs when cane- 
juice and syrups are evaporated and concentrated 
in this manner, might lead to a doubt whether 
economy either in time, labour, fuel, or money, is 
effected thereby; indeed it is now generally ac- 
knowledged, that not only is this plan unfitted for 
the manufacture of a superior quality of sugar, but 
that the objects which alone admitted of its defence 
are attained far less completely than its admirers 
imagined. For the form of the pans, their globular 
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bottoms, and the distances which exist between 
them, cause them to present a comparatively small 
effectively heating surface; whereas the mass of 
masonry, in the shape of copper walls, arches, &c., 
instead of being kept as cool as possible, offer even 
a larger amount of surface for the absorption of 
the caloric than the vessels which it is intended to 
heat. 

That this system can be continued, except at a 
great sacrifice, cannot be disputed; we should 
therefore attempt by every means in our power to 
remedy its defects. The object that I have prin- 
cipally had in view throughout these pages has 
been to obtain improved results, by inculcating a 
knowledge of correct principles, rather than by the 
recommendation of new and expensive machinery. 
Pursuing the same design, we will now extend our 
inquiries as to the best way that amelioration of 
this part of the process can be attained at the 
smallest cost, and with the least disturbance of the 
present plant 

The manufacture of sugar comprises three opera- 
tions, namely, defecation, evaporation, and concen- 
tration, which are so distinct from each other, both 
in the mode required to perform them, and the ob- 
jects to be attained by them, that their separation is 
indispensable. 

Evaporation has for its object the concentration of 
cane-juice to the consistence of a syrup of that 
degree of density best suited to the process which 
it has afterwards to undergo. Thus, if the syrup is 
to be filtered through animal charcoal previously 
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to its concentration into sugar, the density which 
is best suited for this purpose is 27° or 28° Beaume ; 
but if this operation is not to be performed, the 
evaporation may be prolonged until the syrup has 
acquired a density of 30° or 32°. 

Evaporation of cane-juice is best performed by 
ebullition at the ordinary atmospheric pressure. 
That degree of heat, at this stage, during which 
the sugar is largely diluted, when judiciously ap- 
plied, so that the syrup may not be exposed to it 
longer than is absolutely necessary, is always bene- 
ficial, and often essentially necessary; for, other- 
wise, a larger portion of the nitrogenised matters, 
which have not been entirely removed, would be re- 
tained, and the crystallization of the sugar would be 
less complete. 

The means required to effect these purposes, it is 
obvious, are of very great simplicity, and may be at- 
tained as follows: — 

J St. By retaining the present plant, the teache 
being taken away, and the fire made under the 
second copper. In this case the four coppers con- 
stitute the evaporating apparatus, and are to be 
employed for that purpose exclusively. The cane- 
juice, after defecation, is passed into the one most 
distaat from the fire, and successively into the 
others, where it is to be skimmed and ladled, as at 
present, until it shall have attained, on arrival at 
the last, the density required, when it must be 
skipped either into charcoal filters, into a cistern 
placed for its reception, or into the concentrating ves- 
sel, as will be described presently. 
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This arrangement would be a very great improve- 
ment upon the present plan, and it may be obtained 
without much alteration in the plant, or without any 
outlay of money beyond that which is now required 
for. keeping the copper walls in order; nevertheless 
it is in many respects still very imperfect. 1st. It re- 
quires the use of megass as fuel, in consequence of 
the distance which the flame has to pass over. 2d. 
It requires a larger quantity of fuel than is necessary 
to produce the amount of evaporation demanded. 
And 3d. It requires the labour of four men to ladle 
the liquor from copper to copper. 

These, I think, are reasons sufficiently satisfactory 
for advising the introduction of some other system, 
whereby those expenses would, in a great measure, 
be spared. I am, however, too well aware of the un- 
happy condition of the colonies to expect that, for the 
present at least, any improvement which requires 
even a small outlay of money to effect, will be gene- 
rally adopted, if the same results, though at a greater 
cost, can be obtained by means which every estate 
now possesses. 

2d. The next alteration in the plant which I pro- 
pose, consists in substituting for the present coppers 
a large flat-bottomed vessel, made of cast-iron or cop- 
per, of an oblong shape, with the angles rounded off, 
to protect them from the action of the fire. It should 
be divided in the centre into two equal compartments, 
by a metal plate containing a valve, by means of 
which the liquor may be passed from one into the 
other when required. 

It must be hung in such a manner, that the 
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flame may come into contact with every part of 
the bottom, but be prevented from touching the 
sides. 

The dimensions of the vessel will depend upon 
the work to be performed by it. On an estate 
having three clarifiers of 300 gallons, each of 
which can be filled by the mill, and the juice boiled 
and filtered in three-quarters of an hour, the size 
required for the evaporating pan would be four- 
teen feet in length, seven feet in width, and 
eighteen inches in depth. Two such would be 
necessary. 

When set, the pan should be surrounded by a 
sloping border of lead, in the same way as the 
present coppers, to admit of the rise of the liquor 
during ebullition. The separation between the 
compartments should be of the same elevation as 
the pan itself, so that the contents of one side may 
readily overflow into the other. The skimmings are 
to be taken away when necessary, but as no ladling 
is required, one man would be suflScient to per- 
form all the duties required by it. A large cock 
should be attached to one extremity, by which the 
syrup may be drawn off' when sufficiently concen- 
trated. 

The vessel should never be completely emptied, 
except at the close of the day. Generally, the 
quantity taken away each time w^ill be equal to 
the contents of the clarifier, less the water lost by 
evaporation. To effect this when the juice is at 
10° Beaume, the rate of evaporation must be 
about 200 gallons, and the quantity of syrup ob- 
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tained in consequence, 100 gallons at 27° every three- 
quarters of an hour. 




The above diagram will enable us to understand 
the pan more accurately than we could do, probably, 
by description only. 1. The outline of the pan. 2. 
The furnace on which it is hung. 3. The pan set 
in mason work. 

3d. The evaporating vessels may be, if it should 
be thought preferable, arranged in another manner. 
Should this plan be adopted, the apparatus will con- 
sist of two flat-bottomed vessels, either of iron or cop- 
per (in the latter case the bottom should be made to 
curve inwards). In shape they should approach a 
square, the angles being rounded off; and, instead of 
being hung upon the same plane, the upper edge of 
the lower one should be on the same elevation as the 
bottom of the one above. They should be so set, that 
the fire applied to the lower one will serve to heat 
the upper one also. 

Their size should correspond with the work to 
be performed by them ; and, supposing it to be the 
same as that given in the preceding plan, the upper 
vessel would require to be, at least, twelve feet long, 
eight feet wide, and eighteen inches deep; the lower 
one, nine feet long, eight feet wide, and eighteen in- 
ches deep. 

The clarified cane-juice is to be received by the 
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upper vessel, and after undergoing a certain degree 
of evaporation, is to be transmitted to the lower 
one by means of a cock. 
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A. The cock admitting the defecated cane-juice into the upper eyapo- 
rator, B. C. The lower evaporator, with its discharging cock. 

Gay Lussac has remarked, that liquids are more 
easily converted into vapour, when in contact with 
uneven and angular surfaces, than when these are 
smooth and polished. Evaporation may be greatly 
promoted, also, by increasing the extent of the 
heating surface of the vessel in which it is carried 
on. 

These facts have been taken advantage of in the 
arts, and evaporating vessels are now frequently 
made with their bottoms corrugated, which, by in- 
creasing the heating surface, augments likewise 
their evaporating powers. A patent was taken out 
two or three years ago for producing a similar 
effect, by extending from the outside of the bottoms 
of pans, a great number of metallic studs or pro- 
jections about twno and a half or three inches long. 

The evaporating properties of every vessel may be 
greatly increased by these contrivances. I, therefore, 
think that more attention should be bestowed upon 
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them by planters in general than what has hitherto 
been done. 

It has been found that the material of which the 
evaporating vessel is composed, influences the tem- 
perature at which ebullition takes place. When a 
glass vessel is coated inside with a thin film of 
shellac, the temperature of water boiling within it 
has been observed at 220°, or even higher. This 
teaches us the necessity of keeping the bottoms of 
the evaporating vessels clean, and free 'from those 
deposits so frequently found adhering to the inside 
of the coppers. 

Steam has within the last few years been exten- 
sively employed on the Continent as the heating 
medium for evaporating the defecated juice of the 
beet-root ; indeed, it is now the one almost exclu- 
sively employed in those countries, in all the ope- 
rations of this manufacture in which the action of 
heat is required. 

The kinds of apparatus which have been con- 
structed for the employment of steam, as the agent 
for procuring heat, have been so various as not 
even to admit of their enumeration. They may, 
however, be divided into those which consist of 
shallow vessels with double bottoms, into the space 
between which the steam is admitted, and into 
others which are deeper, and in which a copper 
steam pipe is introduced in the form of a coil or 
spiral. 

The evaporation which takes place in these 
vessels is often extremely rapid, and there can be 
no doubt, that in other respects they present a 
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marked superiority over those vessels which are 
heated by means of the direct action of fire. These 
advantages, as far as regards the process of evapo- 
ration of cane-juice from its ordinary density, until 
it assumes the state of a syrup at 27° or 28® 
Beaum6, we must inquire into. 

Whatever be the medium employed to produce 
evaporation by ebullition at the ordinary pressure 
of the atmosphere, it is evident, that the liquid 
acted upon, must in every case rise to the temper- 
ature necessary for the performance of this action. 
Steam pfFers no exception to the rule; but it 
enables us to effect ebullition in liquids with great 
rapidity, and at the same time, with less liability 
to burning than can be performed over the naked 
fire; because it admits of the heating sur&ce being 
increased to almost any extent, and of its being at 
the same time immersed in the fluid to be heated. 

Steam is very manageable, and admits of the 
amount of caloric applied to the liquid being regu- 
lated at pleasure, so that in the case before us the 
heat may be instantly withdrawn, and the evapo- 
rating vessel be converted at once into a simple 
cistern, when we require to empty it of the syrup. 

These advantages, offered by the use of steam, 
as a mean:^ of effecting the evaporation of cane- 
juice, are certainly very great; and on a large 
estate, requiring a new plant for the boiling-house, 
its introduction would, no doubt, in many respects 
be very beneficial. But whether it can be intro- 
duced with real advantage into a boiling-house 
already erected, in which the plant is in perfect 
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order, and where the estate does not produce annu- 
ally 400 tons of sugar, is less certain. 

In the first place the removal of the present 
plant, and the substitution of another upon the above 
principle, would be attended with a very consider- 
able outlay ^of capital; in the second, such a change 
is not absolutely demanded, for the results obtained 
in the processes of defecation and evaporation over 
the naked fire, may, with an ordinary degree of 
care and watchfulness, be equally satisfactory; and 
lastly, the only decided advantage possessed by this 
method, is the entire removal of the heat from the 
pan when required without the trouble and annoy- 
ance of damping or drawing the fire. A very great 
advantage certainly; but will it compensate the 
capital invested for its attainment? 

Although the employment of steam possesses all 
the above advantages, it is far from being so econo- 
mical a method of producing evaporation as the 
open fire. How well soever an apparatus on this 
principle may be constructed, tho loss of caloric 
will be considerable, and the consumption of fuel 
will be proportionately great. This is a serious 
drawback to the recommendation of steam, for, 
coupled with the additional expense of the plant, it 
will go far to neutralise its advantages. On those 
estates, however, where the vacuum pan is used for 
concentrating the syrups, that is, where steam is 
already in qse, its extension to the other processes 
of the manufacture might be effected at so small an 
increase of expense as to render it profitable. 

Whatever be the means employed to evaporate 
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the defecated liquor, expedition is urgently de- 
manded, for the shorter the time that it is subjected 
to the boiling temperature, the less will be the 
risk of any of the catalytic decompositions being 
induced. 

Cleanliness in this, as in all the processes, should 
be strictly observed. 

The scum, as it arises in thin insulated films, 
should be removed and thrown back into the clari- 
fier, as the syrup which it retains is too pure to be 
converted with profit into rum. 
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CHAPTER IV. 

FILTRATION THROUGH ANIMAL CHARCOAL. 

Having, by the foregoing operations, succeeded in 
obtaining a pure and well-defecated syrup of the re- 
quired density, the colonial sugar-maker has arrived 
at that stage of his operations which corresponds 
with the first steps taken by the refiner in Europe; 
and from this point these two branches of industry 
ought to be considered identical. The former, how- 
ever, is in a position of much less difficulty and em- 
barrassment than the latter, for he has the power of 
exercising a discretionary opinion as to the extent to 
which the succeeding operations may be carried on^ 
or whether it be to his interest to adopt them or not. 
He has obtained, if his eflforts havfe been successful, 
a bright transparent syrup of the colour of pale 
sherry, capable of granulating with facility on due 
concentration, and of forming a fine canary-coloured 
Muscovado sugar. It is simply a matter of econo- 
my, whether this is to be the object sought to be 
attained, or whether, by the application of additional 
care, pains, and labour, his profits may not be more 
than proportionately increased by the superiority of 
the result obtained. 

In the first case, he will at once proceed to the 
operation shortly to be described, that of concentra- 
tion ; in the second, he will follow the example of the 
10 
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refiner one step at least in his business, namely, in 
the filtration of the syrup through a bed of animal 
charcoal. 

The application of the fact, that vegetahk charcoal 
possesses the property of discharging colour from 
syrups, to the purposes of art, was one of the great- 
est modifications that had taken place in the refin- 
ing of sugars up to the period of its introduction in 
1806. 

In the year 1811, it was discovered that animal 
charcoal possessed the same power in a Considerably 
greater degree, while its employment was not at- 
tended with many serious evils, which were found 
to accompany that of the former. 

M. Derosne was, I believe, the first who caused 
the introduction of animal charcoal into the refine- 
ries of France. Some short time afterwards it was 
introduced into those of this country. 

The mode of employing this substance at first was 
as follows : — The Muscovado sugar was dissolved in 
boiling water, in such proportions as to form a solu- 
tion of about 30° Beau me ; the animal charcoal, in 
the state of a very fine powder, was then added, and 
the whole was mixed together by means of an oar. 
A quantity of bullock's blood was afterwards 
thrown in, the stirring being continued. The mix- 
ture was allowed to boil for a second or two, and 
then filtered through a blanket and basket, until the 
introduction of the bag filters, when the latter were 
universally substituted for that rude and imperfect 
method. 

Some years ago M. Dumont, being struck with 
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the great augmentation of power which animal 
charcoal presents when employed as a filtering 
agent, and when syrups were allowed to percolate 
through layers or beds of it, after many efforts, suc- 
ceeded in constructing filters on this principle, which 
have since been in general use, and which bear his 
name. 

However employed, the action of animal charcoal 
upon impure syrup is in the highest degree extra- 
ordinary, and has never as yet been satisfactorily 
explained. 

The object sought on the first introduction of this 
substance into the refineries in France, was that of 
discharging colour merely; but on being used for 
this purpose in the factories of beet-root sugar, it 
was quickly perceived that it possessed other proper^ 
ties equally important, and not less beneficial. Sy- 
rups treated by it were rendered crystallisable, which 
before, from their viscid character, had no disposition 
to granulate. Others that were slightly acid became 
neutral ; and those containing an excess of lime had 
this excess removed. 

It was afterwards discovered that many of the 
bitter and aromatic principles of vegetables were 
destroyed, when infusions prepared from those sub- 
stances were filtered through beds of animal char- 
coal. Latterly the experiments of Dr. Garrod have 
shown that animal charcoal possesses still more won- 
derful properties — that it is, in fact, an antidote to 
some of the most virulent poisons of the animal and 
vegetable kingdom, as prussic acid, strychnine, aco- 
nitine, &c. That gentleman has shown that when 
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solutions of any of the alcoloids are mixed with 
washed, or purified animal charcoal, in the propor- 
tions of half a grain of the former to half an ounce 
of the latter, the filtered liquid possesses no poison- 
ous property whatever. Vegetable charcoal pro- 
duced very little, and lampblack no effect whatever, 
in this respeet. 

The manner in which the animal charcoal acts in 
the production of these results is quite incomprehen- 
sible. Its chemical characteristics seem to be un- 
changed, nothing appears to have been added to it 
in chemical combination, nor does any thing seem 
to have been abstracted, except those powers them- 
selves, which are however restored, either by fermen- 
tation, or by re-burning. 

If we look to its chemical composition for a solu- 
tion of the effects produced, we receive no informa- 
tion, for it consists of charcoal, 10; phosphate of 
lime and carbonate of lime, 88 ; silica and iron, in 
the state of an oxide, 2. 

Many other bodies, as chlorine, sulphurous acid, 
alumina, &c., have the power of destroying certain 
organic colouring matters ; but none of them can 
discharge that colour from syrup which is induced 
by its continued exposure to a high temperature : ani- 
mal charcoal being the only agent at present known 
possessing this property. 
/ The beneficial results obtained by the action of 
animal charcoal on the syrup obtained from cane- 
juice, are — 1st. Decoloration, which extends both 
to the sugar and molasses. 2d. Abstraction of any 
excess of lime which it may contain. 3d- The neu- 
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tralization of any free acid. 4th. The removal of 
nitrogenised matters. 5th. The amelioration of 
that viscid condition which inspissated cane-juice 
frequently presents. 6th. The promotion of granu- 
lation. / 

It follows, therefore, that the employment of 
animal charcoal enables us to obtain a larger 
amount of sugar, and a great improvement in its 
quality. The molasses, also, in consequence of the ' 
lightness of their colour and tt | ^ | r freeness from ^_ij 
viscidity, are, wKen the syrup from which they were U (« 
produced has been thus treated, fitted to yield in 
their turn a very superior quality of Muscovado 
sugar. 

It is, however, on the syrups obtained from the 
beet-root that the action of animal charcoal is the 
most decided, and the benefits resulting from its use 
most clearly evinced. Indeed it may be doubted 
whether, deprived of the assistance rendered by this 
substance, that branch of industry could be pursued 
with profit. 

There has been no such urgent necessity for its 
employment in the colonial boiling-houses, which, 
coupled with the expense attendant upon its intro- 
duction, has caused its perhaps unmerited neglect 
there. But if it can be employed with economy 
and great benefit in the refineries in Europe, it is 
surely worth inquiry how far the same results may 
be obtained in the charcoal. 

Were animal charcoal extensively employed 
throughout the West Indies, a new branch of in- 
dustry must necessarily accompany it ; namely, that 
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solutions of any of the ../^i There would be 
washed, or purified - j.^/espect 

tions of half a grr ,-y^^ ^^ charcoal, which, 

of the latter, the '•■':'^/^(m\ion of syrups, pos- 
ous property - S' i'^/arior to bone black. Of 
ducedveryli' ' ""f^i^j results from the destructive 
inthisrespr y'f''^!''^fiinons shale is pre-eminent. I 
The me >'*!'; /^Experiments with this variety of 
the prod- J^i ^ oi diflferent kinds, and have in- 
sible. ^^^Jed^ ^" improving their colour to a 
chan' '^^^f^Ie degree ; but it is said not to pos- 
in r J^''^'''^iJ4l extent the property of separating 
to g^^^^^nd albuminous principles. Such, it is 
f ^ ^^is the case, and the benefit derived from 
pf^ ploytnent in the manufacture of beet-root 
/^ ^ould therefore be limited ; but as the syrups 
^'^well-defecated cane-juice contain those sub- 
^ces in very minute quantities, these objections 
^ajr not be equally applicable to them. The pro- 
perties of this substance are improved by re-bum- 
ing, and its price would not exeeed the fourth of 
that of animal charcoal. 

The asphalte of Trinidad, submitted to destructive 
distillation, aflfords an excellent charcoal which there 
is every reason to believe possesses considerable 
powers in discharging colour from syrup. 

Although vegetable charcoal in its ordinary state 
is of little value as an agent for bleaching saccharine 
liquids, its powers in this respect may be considera- 
bly augmented by proper management. 

Let 30 lbs. of it, reduced to a fine powder and 
then washed carefully in water slightly acidulated 
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^^Lwith muriatic acid and afterwards with pure .water, 
J^^^e mixed with 70 lbs. of clay, in the form of a paste, 
^^^nd the whole be set by to dry; then let it be 
^r broken into small pieces and calcined in a close iron 
^ vessel at a white heat for two hours. - On its with- 
drawal it must be received in covered iron boxes 
out of the cqntact of the air, or instantly cooled 
with aspersions of cold water, and reduced into a 
coarse powder. This forms an excellent substitute 
for animal charcoal, as it possesses considerable 
discolorating powers. 

There is also another preparation which answers 
this purpose tolerably well. Take 100 parts of 
clay, prepared as above, 40 parts of tar, and 500 
parts of common coal bruised very small; blend 
the whole into a uniform mass, dry in the sun, 
break it into pieces, and calcine in a retort. 

Both the above preparations can be employed in 
the way of filtration only. 

Their powers, when enervated or destroyed, may 
be renewed by re-burning. 

The advantages derived from the use of animal 
charcoal in the boiling-houses of the West Indies, 
were they confined to the discharging of the colour 
from the syrups merely, would be so considerable, 
from the increased value of the products, that it is 
surprising its introduction has been on so limited a 
scale. Its great price as an article of commerce, 
and the labour and trouble entailed by its repeated 
calcinations, have operated, it must be admitted, as 
powerful reasons against its more general employ- 
ment 
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If, after due evaporation, it is decided to pass the 
syrup through charcoal, one of the following plans 
may be pursued : — 

Dumont's filter consists of a quadrangular pyra- 
midal vessel, made of wood, the base being upper- 
most. It has a double bottom, the upper one being 
composed of a piece of basket-work, or a perforated 
metal plate. In the space between the two is in- 
serted a cock, and a metal tube which rises to the 
same elevation as the vessel itself, also commu- 
nicates with this part of the apparatus. Upon the 
perforated false bottom a piece of flannel is spread, 
on which the animal charcoal, reduced to the state 
of a coarse powder, or in grains, and moistened 
with a little water, is carefully and evenly spread, 
until about two-thirds of the vessel is filled with it 
Over the charcoal is placed a perforated cover or a 
pierce of basket-work, and the filter is fit for use. 

The hot syrup is now 

poured in, and allowed to 

percolate slowly through ; 

the air and water being 

forced onward by the pros- 

sure, escape through the 

tube. On arriving within 

the space between the true 

and false bottom, the cock 

is turned, and the filtered 

vessels are about three 

two feet at the bottom, 

Four such 
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syrup escapes. These 

feet wide at the top, 

and about three and a half feet deep 

would be required to be in use in a boiling-bouse 
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making three hogsheads of sugar per diem. They 
may be employed for three or four days succes- 
sively; after that period the charcoal requires to 
be revivified. 

PeyrorCs filters. — These filters are composed of 
a series of cylindrical copper vessels, each having a 
double bottom, as those of Dumont, and being 
hermetically closed at the top. They are closely 
packed with animal charcoal, and into the upper 
part of the first vessel is introduced a pipe for the 
admission of the syrup, which is made to descend 
from a suflScient height, or which is forced in by 
means of a pump in such a manner that, from the 
pressure employed, it passes rapidly through the 
charcoal, and is received by the space between the 
two bottoms. Here it enters another pipe, which 
conveys it to the upper part of the second filter 
placed close by. ' Thus it continues through thp 
whole series, until it is at last drawn off by a cock 
placed for the purpose in the last vessel. 

/^ Each of the cy- 
I linders is six feet 
high, and three feet 
in diameter. Three 
of them would be 
required in a boil- 
ing-house making 
three hogsheads a 
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day. They act well for about five or six days. 

The charcoal is never removed from them ; but 
when its powers require to be restored, boiling 
water is introduced for the pur|X)se of washing 
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away as much as possible the sjrup remcdning in 
the interstices. The sweet liquid which comes 
away is thrown into the evaporating vessels, while 
the filters are put into some warm place that 
fermentation may ensue. It is stated, that this 
fermentation is completely terminated after twenty- 
four or thirty-six hours. In this way, the organic 
matters which had neutralised the decelerating 
powers of the charcoal are destroyed; and to 
restore its properties nothing now is required but 
an effective washing. This is best performed by 
the injection of high-pressure steam for half an 
hour; when steam is not used in the boilingrhouse, 
hot water must be passed through in a continued 
stream until it comes away clear and limpid. 

These filters have answered their purpose very 
well both on the Continent and in London; but 
strange to say, they exert little action upon syrups 
obtained from the beet-root. They appear, how- 
ever, to be well suited for the colonies. 

The simplest, and certainly not the worst kind 
of charcoal filter, is one that can be made in a 
moment on any estate. Take a clean rum puncheon, 
and at the distance of two or three inches from 
the bottom, make a support sufficient to retain a 
piece of basket-work, corresponding in size to that 
part of the cask. Into the space between this and 
the bottom affix a cock. Fill the cask up to about 
two-thirds of its height with charcoal carefully so 
as to avoid all inequalities of surface, and cover it 
with another and similar piece of basket-work. 
The filter is now prepared. Introduce the hot 
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syrup gradually and cautiously until the puncheon 
is entirely full; let it remain in contact for two 
hours, and then turn the cock. The first portion 
of syrup that comes away will contain minute 
particles of charcoal; it should therefore be re- 
turned to the evaporating vessels. 

Four puncheons, so arranged, would be required 
for an ordinary boiling-house. The other filtering 
substances described above answer very well when 
used in this way. 

The filters should be placed as near the vessel 
or vessels employed for the evaporation of the 
cane-juice as convenient, and on an elevation 
somewhat above that of the copper wall, to allow 
the passage of the syrup into some convenient 
receiver. They may be filled, either by a short 
barrelled force-pump or by a monte^us. 
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CHAPTER V. 

CONCENTRATION OF SYRUP, AS AT PRESENT PRACTISED. — IN 
A SEPARATE TEACHE. — CHAUDIERE A BASCULE. — BY STEAM. 

AT A LOW TEMPERATURE. VACUUM PAN.— KNELLER's 

PAN. — GADESDEN's pan. APPEARANCES OBSERVED WHEN 

CONCENTRATING HEALTHY SYRUP, ACID SYRUP, ALKALINE 
SYRUP, SALINE AND VISCOUS SYRUP, AND ALBUMINOUS SYRUP. 

By the performance of the before-mentioned ope- 
rations on the cane-juice, a syrup will have been 
produced. This syrup may or may not have been 
filtered through animal charcoal. In the first case 
its density will be 27° or 28° Beaume, being the 
degree best suited for that purpose; the relative 
amount of its constituents will be 50 parts of 
sugar and 50 parts of water in 100, and the tem- 
perature of its boiling point will be 219° or 220° 
Fahr. In the second case the density of the syrup 
will be somewhat greater, and it may conveniently 
be stated at 32° Beaume ; then the amounts of its 
sugar and water will be as 60 of the former to 40 
of the latter in 100 parts, and its boiling point 
will be 224°. 

Syrups having these degrees of density may be 
exposed for a short time to a temperature equal to 
the one above, without the occurrence of much 
injury; but if the period of its exposure be pro- 
tracted, or if its temperature be augmented (a ne- 
cessary consequence of its increasing density by a 
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continued ebullition), changes in the composition 
of the sugar will, as formerly shown, inevitably 
ensue. 

These changes will be produced even in the 
purest syrups when thus treated, but they take place 
more rapidly, and exist to a greater extent when the 
syrup holds in solution those organic and saline sub- 
stances which are found in cane-juice. 

For this reason the process described as evapora- 
tion should now cease, and should be replaced by 
another for the purpose of continuing the inspissa- 
tion of the syrup to a point somewhat beyond that 
of its perfect saturation when boiling. Although this 
operation cannot be effected without evaporation, it 
demands the application of some plan by which it 
may be performed with the smallest possible risk of 
the occurrence of those changes which are so liable 
to result from a high temperature. 

We have already seen that sugar is soluble in \ 
its weight of cold, and in t of its weight of boiling 
water; consequently boiling syrup when thoroughly 
saturated, must deposit on cooling, 7 of its sugar, 
the remaining I being held in solution by the 
water. In other words, a boiling syrup composed of 
5 lbs. of sugar, and 1 lb. of water, will, when it be- 
comes cold, have deposited in the form of crystals 3 
lbs. of solid sugar, the other 2 lbs. being dissolved in 
the 1 lb. of water, thus constituting 3 lbs. of mother 
liquor or molasses. 

The temperature required for the ebullition of a 
syrup, consisting of 5 parts of sugar and 1 part 
of water, varies according to its purity from 238^ 
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to 289® Fahr. But as it is desirable in sngar-making 
to carry the evaporation somewhat beyond the point 
of saturation, the temperature of the boiling syrup, 
when of the density usually required, is 240® or 242°, 
and occasionally somewhat higher. 

Syrup cannot be submitted to this temperature 
without sustaining injury. 

If we take a quantity of sugar in the state called 
crushed lumps, which is one of almost entire purity, 
and after dissolving it in an equal weight of wiater 
80 as to form a syrup, submit it to evaporation in a 
flat-bottomed copper pan over a naked fire, using the 
greatest care that the bottom of the pan alone be ex- 
posed to the fire, we shall perceive that little change 
takes place in. its appearance at first, but in a short 
time, as the liquor approaches its granulating point, 
it gradually acquires a yellowish tint, which becomes 
deeper, and assumes a reddish colour as the process 
continues. The same results are observed if, in- 
stead of an open fire, high-pressure steam be em- 
ployed to effect the evaporation. In neither case, it 
is probable, has the temperature of the liquid ex- 
ceeded 240®. 

In the Journal de Pharmacie for 1842 will be 
found an account of some most interesting experi- 
ments made by M. Soubieran, to illustrate the 
effect of heat on saccharine liquids. That gentle- 
man exposed syrups to the action of heat in an 
apparatus so constructed, that as evaporation went 
forward the water was returned to the sugar almost 
as soon as it was separated, and the uniform density 
of the liquid was consequently preserved. The 
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changes produced in the sugar were tested by means 
of the polariscope, and the following results were ob^ 
served : — 

Syrup, primitive rotation 
after 18 hours 
" 48 " 



« 90 
" 114 
" 138 



+ 68** 
+ 54 
+ 20 

— 7 

— 16 



— 6 

The syrup now became black and acid. It held 
suspended in it, and also deposited as a precipitate, 
a dark-brown or black powder. The sugar was en- 
tirely decomposed. In another experiment the results 



were : — 






Syrup, primitive rotation 


• 


. +71' 


" after 18 hours 


• 


. — 8 


(i « 36 " 


• 


— 15 



The effects in this experiment were much more 
rapid, as the syrup was exposed to the heat of boil- 
ing muriate of lime. 

There is no necessity for presenting to the reader 
a detail of all the experiments performed. It will be 
sufficient to state, that each of them showed a result 
corresponding with the above. 

These results consisted, 1st. In the gradual dis- 
appearance of the cane-sugar. 2d. In its being re- 
placed by glucose or the sugar of fruits. 8d. In the 
production of a black carbonaceous powder, and for- 
mic and acetic acids. 

It was also shown, that these changes were prompt 
in direct ratio to the degree of heat which the syrup 
attained, and to the state of concentration of thid 
latter. 




to o .^ pare syrup retarded the 



nrefoni'f "reif small quantity of glucose 
^ bat'^ Lia ^*^ ^y^^Vf li™®» o"^ ^^^^ other 

f J (^''^'^ u^x^ inq" ired whether these changes 

V '^^f itiS ^^^ process of refining Muscovado 

tookp'^^'ih this purpose he visited an establish- 

^sr' . ^ neighbourhood of Paris, in which the 

irieii^ '%[« concentrated at a low temperature {in 

8/^^^ lie then discovered, that by this treatment 

^^^'up underwent no change, and that the glucose 

^.^ /g]/y contained in the Muscovado sugar passed 

rre'y ^^^^ ^^® treacle. 

Another evil to be avoided in the concentration of 

afrups of high density, is that of caramelization or 

burning- It may be said, that by ordinary care and 

attention, the risk of producing this effect, even when 

the operation is carried on in an open vessel exposed 

to the direct action of the fire, is not great; but those 

who are acquainted with the mode of concentration 

practised in the West Indies know that this accident 

IB unavoidable in those boiling-houses in which the 

common plant is in use. 

In studying this branch of our subject, three cir- 
cumstances must be attended to; namely, the appa- 
ratus best suited to perform it, the kind of syrup to 
be operated upon, and the knowledge or skill of the 
person operating. 

It is of the highest importance that every process 
which enters into the art of sugar-making should be 
well and completely performed; but if there be one 
among them to which this is more applicable than 
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to another, it is probably that of concentration. 
Fortunately, this operation has attracted much at- 
tention, and the means devised to perform it have 
consequently been much ameliorated. 

As nov7 conducted in the colonies, w^ith very rare 
exceptions, concentration is merely the last stage 
of evaporation to w^hich the cane-juice is submitted 
in the first copper, or, as it is called, the teache. 
This vessel, like all the others which adjoin it, is 
in form the segment of a hollow sphere ; its upper 
rim is surrounded by a lip or flanche, by which it 
is suspended over the furnace below. The mason 
work into which this flanche is inserted, is con- 
stantly in a glowing heat, so that damping or even 
withdrawing the fire is insufficient to extinguish 
the intensity of the temperature to which the syrup 
in this vessel is always exposed. 

By such an arrangement concentration may, it 
is true, be effected with considerable rapidity, but 
never without inducing great loss both in the 
quantity of sugar produced and also in its quality. 

The amount of loss from this cause alone it 
would be difficult to estimate with accuracy, indeed 
it varies much in the different colonies, but it may 
with safety be estimated at 10 per cent. 

In Barbadoes an attempt has been made to re- 
medy many of the evils arising from the action of 
intense heat upon the contents of the teache, and 
with some success. It consists merely in diminish- 
ing the size of the vessel, so that by increasing the 
number of skips in a given time, the syrup, from the 
shorter time required for its sojourn in the vessel, 
11 
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is less liable to change than it would be were the 
vessel larger and the skips less frequent. 

I have, when speaking of evaporation, shown the 
necessity of removing the teache from the other 
coppers, and of entirely separating from each other 
two operations which cannot be performed simul- 
taneously. I have now merely to add, that this is 
indispensable. 

The colonial sugar-boiler does well in exercising 
his judgment upon the propriety of adopting or 
rejecting new schemes,, a new plant, or new ma- 
chinery ; but he certainly can have little judg- 
ment to exercise if he continue much longer the 
present method of concentration in a spherical 
pan placed over the same fire that heats the other 
coppers. 

It would be useless to enumerate all the evils 
that thence arise, for they are too well known, 
and too generally admitted to require it; our 
time will be better occupied in trying to obviate 
them by means as simple and at a cost as small as 
possible. 

The first improvement upon the present method, 
therefore, consists in placing the teache over a 
separate fire, and in giving it a slight modification 
of form. In the latter respect> it should be a cir- 
cular vessel about 45 inches in diameter, and 14 
or J 5 inches in depth, the bottom of which should 
be slightly convex, that is, arched upwards; and 
it may be suppUed with a cock for drawing off the 
syrup when duly concentrated. 

The bottom alone should be exposed to the fire, 
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and to accelerate the operation, this part may be 
corrugated or studded with metallic knobs, as be- 
fore described. 

The fireplace may also be modified with advan- 
tage, and probably such a plan as the one indicated 
by the accompanying diagram would be found well 
suited for the purpose ; it is copied from Mr. Porter's 
work on the sugar-cane. 




By this arrangement, the heat is more equal- 
ly distributed over the bottom of the pan, in 
consequence of the products of combustion being 
obliged to pass through the different openings 
into the flue, previously to their escape into the 
chimney. 

The teache, so fitted, resembles somewhat the 
concentrating pan of the refiner of bygone days. 
We can by its means modify the heat applied, 
without interfering with the evaporation going on 
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in the other vessels, and the bottom alone being' 
exposed to the fire, there is much less risk of char- 
ring or burning the sugar than in the method now 
in use. 

Some years ago a concentrating vessel of a pecu- 
liar shape was much in use in the refineries and 
sugar houses in France. From the way in which 
its contents were evacuated, it was called a chath 
diire a bascule. It was a shallow pan, having a 
mouth-piece or spout, and resembled in shape 
somewhat a common coal-skuttle. 

It was placed upon, but not fixed into, the ma- 
son work of the furnace ; it was however attached 
to it, anteriorly, by means of an iron bolt, in such 
a manner, that a certain motion was permitted 
around this point. To the back part was fixed a 
rope, which passed over a pulley, by which means 
the vessel could be tilted up, and its contents 
poured into any receiver. 

The furnace on which it was placed resembled 
in principle the one last described. 

The superiority which this pan presents over 
the former consists in the facility by which its 
contents are removed from the action of the fire at 
the time of skipping. It has never, I believe, been 
in use in this country ; and even in France, where 
it was once extensively employed, it has been 
entirely superseded by more improved inventions. 

Steam has been of late very generally used on 
the Continent, as a means of concentrating the 
syrups from the beet-root by ebullition under ordi- 
nary atmospheric pressure. 
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The various kinds of apparatus that have been 
constructed on this principle are far too numerous 
to mention, and the greater number have already 
fallen almost into oblivion. Those which have 
best succeeded consisted of pans of different forms, 
into which the steam was introduced either by a 
false bottom or by a spiral tube. The latter mode 
is preferable. 

A concentrating vessel on this plan, when well 
constructed, evaporates with very great rapidity. 
Its employment, also, is necessarily unaccompanied 
either by charring or the production of caramel 
from sudden or intense heat; for the heating sur- 
face is immersed in the liquid to be heated, and is 
never of a temperature sufficiently high to produce 
its immediate decomposition. For these reasons 
concentrating vessels of this kind have been most 
strongly recommended. 

But we must remember that the temperature is 
equally as high in syrups which are caused to boil 
by means of steam, as in those in which this action 
is produced by immediate contact with the fire, 
and that in syrup of high density this temperature 
is sufficient to convert a large portion of the sugar 
into glucose in a short space of time. 

So far as I can learn, the introduction of these 
vessels into the colonies has not been attended with 
any considerable success; which, coupled with the 
want of adequate skill to repair the apparatus when 
out of order, has operated against their more gene- 
ral employment. 
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Indeed, an injury to the steam pipe sufficient to 
allow the snaallest possible escape of steam of high 
pressure into the syrup would be followed by 
results far more injurious than what daily occur in 
the common teache from the application of the fire 
of the furnace. 

Should the proprietor of a sugar estate be de- 
sirous of using high-pressure steam in his boiling- 
house, it must be better worth his while to do so 
at once judiciously and effectively, by combining it 
with the advantages derived firom a diminished 
atmospheric pressure, although at a somewhat 
greater cost. 

I cannot, therefore, recommend this description 
of teache ; for the advantages which it offers over 
the chaudiere i bascale, or even over a well-con- 
structed copper vessel placed upon its own furnace, 
are not on the whole balanced by its greater cost 
in the first instance, the increased expense atten- 
dant upon its application subsequently, and by the 
additional trouble and labour incurred by its intro- 
duction into a boiling-house for the accomplish-^ * 
ment of so partial an object. 

By the above methods the concentration of the 
syrup is effected by an active ebullition under the 
entire pressure of the atmosphere, consequently at 
a temperature so high, that the operation must be 
carried on with great rapidity, otherwise the sugar 
would receive great injury, although that produced 
by charring or burning would be obviated. 

To prevent the occurrence of the evils arising 
from a high temperature, Mr. Howard, in the year 
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1819, took out a patent for concentrating saccharine 
liquids " in vacmP 

It is well known that liquids boil at a temperature 
inversely proportionate to the pressure exerted on 
their surfaces. If we take a Florence flask contain- 
ing a little water, and hold it over the flame of a 
spirit lamp until the water boils and the steam escapes 
freely, then suddenly remove the lamp and cork the 
flask carefully, it will be perceived that the water 
will cease to boil, but that on plunging the flask sud- 
denly into cold water, ebullition will recommence, 
and that it will again cease on holding the flask over 
the lamp. In this experiment the air is driven out 
of the flask by the steam, which forms an atmo- 
sphere of its own in the upper part of it. When the 
flask is corked and plunged into the water the steam 
is condensed, a vacuum is formed, and the water 
begins again to boil, because the pressure has been 
removed from its surface. 

Mr. Howard took advantage of this fact, and 
reduced the experiment to practical utility. For 
the purpose he had in view he invented an appa- 
ratus consisting of a globular copper vessel, in- 
closed within an iron or copper jacket, and between 
the two steam was introduced to heat the syrup 
contained within the former, which was the boiler 
or concentrator. To this was affixed a tube for 
the escape of the vapour as it arose, which was 
condensed by a jet of water introduced for the pur- 
pose. An air-pump was likewise attached to form 
the vacuum in the first instance, and afterwards to 
get rid of the condensed vapour. 
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Many improvements have been added to the origi- 
nal design of Howard, but the principle has always 
been retained. The essential ameliorations, how- 
ever, may be confined to two — the heating of the 
syrup by a long coil of steam piping introduced into 
the interior of the pan, and the condensation of the 
vapour, and its ultimate escape by means of an ex- 
tensive metallic worm, kept cool by the continued 
pouring of an artificial rain. 

I cannot enter into a description of all the modi- 
fications that this method of concentrating has 
been made to undergo. That information can be 
much better supplied by any of the large copper- 
smiths, who are in the habit of manufacturing the 
various kinds of apparatus applied to the manufac- 
ture of sugar. 

Every vacuum pan should be furnished with a 
thermometer to point out the temperature to which 
the syrup contained within it is exposed, and a 
barometer to measure the amount of exhaustion pro- 
duced in the vessel. It is customary to consider 
this exhaustion as a force, and to describe its degree 
by the number of inches that the mercury in the 
tube rises to, less than would be produced by the 
pressure of the atmosphere at the time. For in- 
stance, if the pressure of the atmosphere be equal to 
30 inches, while that within the partially exhausted 
concentrator be equal to 3 inches only, it is usually 
said that an amount of vacuum or exhaustion has 
been obtained equal to 27 inches of mercury, that 
being the difference of pressure exerted in the re- 
spective cases. 
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There is no mode of concentrating syrups at 
present known which offers advantages equal to 
those of the vacuum pan, when well constructed 
and in good working order. For to a very large 
heating surface resulting from the steam jacket and 
the extent of steam pipe, inserted in the interior of 
the vessel in the manner of a closely packed spiral, 
is added the greatly increased evaporating power 
caused by the diminished pressure on the surface of 
the liquid. 

It has been proved that for every t\j of an inch 
that the barometer rises or falls, there is a corre- 
^ponding rise or fall of the boiling point of water 
equal to j^h of a degree, and consequently that 
where that fall is equal to 27 inches, the boiling 
point of water, instead of being at 212°, must be at 
164'5°. Under such circumstances a rapid concen- 
tration of cane syrup can be effected at a tempersr 
ture ranging between that point and 180° Fahr., and, 
as the experiments of M. Soubieran have shown, 
without the accompaniment of any change in the 
chemical composition of the sugar. 

This plan of concentrating syrup embraces the 
two conditions essential to the successful perform- 
ance of the operation, namely, rapidity and a low 
temperature. 

Unfortunately its general adoption, that is, its in- 
troduction on every estate, will for ever be impossi- 
ble, in consequence of the great outlay required for 
the purchase of the apparatus, the skill required for 
its management, its liability to get out of order, and 
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the necessity of more efficient workmen for its re- 
pairs, than are as yet to be found in the colonies. 
The first of these objections is not so applicable to 
large estates as it is to small ones, as they offer a 
larger scope for getting the return of an adequate 
interest oh the money so invested ; and in such a 
case the others would be overcome by the necessity 
which would arise of obtaining that knowledge from 
abroad which is not to be had at home, were there 
an urgent demand for its supply. 

There can be no doubt that, on those estates which, 
from their extent and the fortunate position of their 
owners, will admit of the sinking a capital sufficient 
to obtain the vacuum apparatus, in conjunction 
with steam defecating and evaporating vessels, and 
a powerful and well-constructed mill, the ameliora- 
tions which would result, both in the quantity and 
the quality of the products, obtained under a pru- 
dent and intelligent management, would fully com- 
pensate the expense incjirred ; but how few are the 
estates which at the present time are in such fortu- 
nate circumstances! 

Some years ago Mr. Kneller patented an invention 
for concentrating saccharine and other liquids. The 
apparatus consisted of a pan, into which were intro- 
duced a number of pipes for the purpose of convey- 
ing air into the liquid to be evaporated. The air 
was forced through the pipes by means of bellows 
or any other blowing contrivance. 

M. Brame Chevallier effected considerable im- 
provements in this plan, by substituting high-pres- 
sure steam for the naked fire as a heating mediumi 
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and hot, or rather dry air, for the cold and humid air 
of the atmosphere. 

This method of concentrating syrup has been in 
use both in England and in France, although now 
discontinued in both countries. 

The operation was rapid, and the temperature was 
preserved between 180° and 190°. It is probable 
that if the vacuum pan had not been known, and in 
general employment at the time, the introduction 
of this plan would have met with greater encourage- 
ment. 

But the results obtained by the latter were not 
equal to those of the former, while its first cost was 
little inferior, and its working expenses, &c., were 
quite as great. 

Mr. Augustus Gadesden, one of the most intelli- 
gent sugar refiners of London, introduced, some 
months since, to the notice of the West India pro- 
prietary body resident in the metropolis, a plan for 
concentrating syrup at a low temperature over the 
open fire, and at the ordinary pressure of the atmo- 
sphere. 

This gentleman's apparatus consists of an iron 
or copper pan, having nearly the form of the half 
of a hollow cylinder, in which is placed a drum or 
wheel adapted to the shape of the vessel, and 
formed of a number of metal rods, so arranged that 
the evaporating surface given to the syrup is in- 
creased as much as possible. The wheel, half its 
circumference being immersed in the liquid, is kept 
constantly revolving; so that by exposing fresh 
portions of the heated syrup to the a ;tion of the 
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atmosphere at each succeeding revolution, the eva- 
poration of the aqueous particles is rendered more 
rapid than it otherwise would be while the tempera 
ture is at the same time in a corresponding degree 
reduced. 

The time required to take off a skip in a pan con- 
taining one ton of sugar varies from two and a half 
to four hours, and the temperature of the syrup varies 
from 150° to 180°. 

From the principles on which this method of con- 
centration are based, it is evident that its success- 
ful working will depend upon the degree of dryness 
of the atmosphere, and on the rapidity with which 
the air passes over the surface of the syrup. The 
apparatus should therefore always, when it is prac- 
ticable, be placed at the windward side of the boil- 
ing-house, at all events it should be beyond the influ- 
ence of the vapours which arise from the evaporating 
vessels. 

I used a small concentrating vessel of this de- 
scription in the island of Madeira. The time re- 
quired for taking off a strike containing fourteen 
moulds of fifty pounds each was two hours, and 
two hours and a half The results were highly 
satisfactory ; the temperature never exceeded 160°. 
It has also been in operation during two crops in 
Berbice, where its success appears to have answered 
every expectation formed of it. Such, however, 
has not been the case in the trials made of it in 
Barbadoes, for accounts from that island state that 
it occasioned a considerable amount of froth, and 
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that the time occupied in taking off a skip was longer ^ 
than was contemplated. 

In Berbice the pan was worked by an intelligent 
boiler man sent out from this country for the pur- 
pose; in the latter instance its management was in- 
trusted to the sugar-boilers of the colony. 

The frothing no doubt was owing to the incom- 
plete defecation of the cane-juice, And the non- 
separation of the whole of the albuminous prin- 
ciples; if so, the addition of a drachm or two of 
washed butter would in all probability have proved 
a remedy. 

In the prospectus it is stated, that this method of 
concentration is not intended to supersede the 
vacuum process, but that it is recommended as a 
cheap and valuable substitute for it on estates where, 
owing to its high price, the latter cannot be intro- 
duced with advantage. 

The great simplicity of its construction and its 
easy management certainly recommend this pan, 
if it is found in other respects to answer equally well 
the purposes proposed. 

In whatever vessel the concentration may be 
performed, it is an operation which always requires 
considerable skill and ability to conduct properly. 
It is in this stage of the manufacture that the 
benefits derived from the careful defecation and 
evaporation of the cane-juice will be evinced; for 
the difficulties will be slight, if those operations 
have been efficiently performed, compared with 
those which are certain now to arise if negligence 
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or carelessness have been evinced in the antecedent 
stages. 

When concentration is performed at a high tem- 
perature, that is, by ebullition under the ordinary 
atmospheric pressure, whether the heating medium 
be the naked fire or high-pressure steam, our prin- 
cipal object ought to be to arrive at ^^ proof ^^ with as 
little delay as possible. This should likewise be 
our object when the operation is performed at a 
much lower temperature; but in the latter case 
expedition is not of such extreme importance, and 
we therefore have it in our power to induce crystal- 
lization of the sugar simultaneously with the concen- 
tration of the syrup. 

The term '^proof^ is applied to certain appear- 
ances which indicate that the syrup has arrived at 
the degree of concentration required for the deposi- 
tion of at least i of the quantity of sugar which it con- 
tains. It is obvious that these appearances will be 
modified according to the purity or impurity of the 
syrup and its stages of concentration. 

When the cane-juice is of a healthy character, 
and when all the preceding operations have been 
well performed, the following appearances are ob- 
served during its concentration in the open pan. 
The boiling syrup is clear and transparent, it does 
not mount or rise in foam or frothy the ebullition 
is quick and sharp, the bubbles succeeding each 
other with rapidity, and bursting as they arise. As 
the inspissation advances, the syrup is seen to run 
from the edge of the skimmer in a thin broad sheet, 
which separates as if it were cut sharply off with a 
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pair of scissors, and never hangs down in long ad- 
hesive strings; it communicates to the eye the 
sensation of being a sharp, short, crispy fluid pos- 
sessing little tenacity or viscidity, and the sound of 
its ebullition communicates to the ear a similar 
idea. 

On taking a very small quantity of syrup as it 
approaches proof between the forefinger and thumb, 
and permitting it to remain until sufficiently cool, 
we shall perceive on separating these parts from 
each other, — 1st, that it divides into two small 
portions or drops, the lower one of which, attached 
to the thumb, is larger than that adhering to the 
finger; 2d, that the portions become pretty nearly 
equal, and tli^ir division is effected by a wider . 
separation of the finger and thumb; 3d, on a 
separation to the extent of half an inch, a slight 
column of syrup is produced which remains for an 
instant, and then breaks at its inferior extremity ; 
4th, a thin thread is produced on a somewhat 
wider separation, and on breaking the extremity 
curls up in the form of a hook, and gradually re- 
tracts to the portion which remains on the finger ; 
6th, on a still wider separation the thread on break- 
ing is so thin as to be scarcely perceptible at its 
lower end, which is drawn upwards in the form of a 
corkscrew. 

If the concentration be carried a little beyond this 
point, the thread when broken does not retract upon 
itself. 

The thermometer, as the inspissation proceeds, 
will indicate a temperature from 236^ to 242^; and 
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the proportion of water contained in the syrup will 
be, in the instances denoted by Nos. 1 and 2, 16 
parts in 100, while in the 5th it will be less than 
10 parts in 100. 

The latter is the highest proof that can with 
safety be given to syrups by concentration over 
the fire; in the colonial boiling-houses the propbr^ 
tion of water is rarely reduced below 12 per 100 

When concentration is performed at a low tem 
perature, the amount of water may be very much 
diminished, indeed it may be entirely dissipated, 
and the sugar may be obtained in a perfectly dry 
state. 

It is not, however, judicious so to do ; and the 
best point that the sugar-boiler should seek to ob- 
tain is that in which the relative amounts of sugar 
and water are as 90 to 10. In this case the amount 
of crystallised sugar obtained will be 70 lbs., and 
that of molasses 30 lbs., in every 100 lbs. It may 
frequently happen that this point will be too high, 
and that a better result may be obtained by allow- 
ing the concentrated syrup to be a little more free. 

There appears to be an opinion pretty generally 
received, that by " boiling stiff'' at a low tempera- 
ture there is considerable economy in fuel, time, 
and labour, and that the extract obtained is greater. 
This is an error ; for in all these respects the results 
are much the same, whether the operation be a 
continuous one, or whether it be conducted twice 
or thrice over. 

I mean, that if, after having obtained as much 
of the sugar as is produced by a primary crystalU- 
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zation of the syrup, we submit the mother liquor 
which escapes to a second concentration and crystal- 
lization, the quantity of fuel will not be increased, 
the time required for the effective drainage or curing 
will be shorter, and the labour will be to a very small 
degree only augmented, whilst the amount of extract 
will be equally great, and its marketable value will 
be higher. 

There is also another object which the sugar^ 
boiler attempts to obtain while concentrating syrup 
at a low temperature; namely, the simultaneous 
production of the crystallization of the sugar. This 
should always be effected, if possible. For this pur- 
pose, the operation should commence upon a com- 
paratively small quantity of sy ru p. The pan should 
be filled only to one-third of its capacity, syrup being 
slowly added as the evaporation of its water pro- 
ceeds, until incipient granulation commences, which 
is known by the appearance of sparky that is, the 
reflection of a ray of light from an incipient granule 
exhibited in the syrup when drawn between the fin- 
ger and thumb. 

When ^rk is perceived, a fresh chaise of syrup 
is to be added, and the concentration should be 
pushed until a portion of the sugar is crystallised. 

The supply of syrup should be continued (but 
always in small quantities at a time, care being taken 
that the grain, having once formed, is not re-dis- 
solved), until the pan is sufficiently full, when the 
skip must be taken off, should it in the opinion of 
the boilerman be duly concentrated. 

The judicious performance of this operation re- 
12 
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quires both practice and skill, neither of which can 
be acquired from any written description. 

The foregoing remarks are applicable to cane- 
syrups of good quality, and which have been pro- 
perly defecated and evaporated. But how fre- 
quently does it happen that syrups are found to 
have a very different character from the above, and 
to offer other appearances during their concentra- 
tion! 

Acid Syrups may arise from many causes : 1st, 
from disease or injury in the canes; 2d, from the 
incipient souring of the cane-juice; 3d, from the 
deficient quantity of lime employed in defecation, 
&c. From whatever cause the acidity may have 
arisen, syrups of this kind generally want transpa- 
rency, and their dimness or muddiness increases as 
the evaporation goes forward. They boil tolerably 
freely at first, but as their density increases the 
ebullition is less brisk, and the colour becomes some- 
what darker. The latter is more remarkably the 
case during concentration, when this operation is 
effected at a high temperature; but if it be con- 
ducted in vacuOj or by other means which permit 
of its performance at a temperature of 160® or 170®, 
the colour is little heightened. When this evil 
exists only in a moderate degree the sugars have a 
light colour, but the grain is small, and they do not 
cure quickly. The molasses are more abundant than 
the point to which concentration has been carried 
would indicate, and their crystallization is often dif- 
ficult to effect. 
The remedy for this condition of the syrup would 
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be the addition of a little lime-water during the eva- 
porating process ; but its prevention in the first place, 
and where that is impracticable (if it ever be), the 
neutralization of the acid in the clarifiers should be 
effected. 

AlkaUne Syrups may be caused by the too abun- 
dant addition of lime to the cane-juice, either in 
the clarifiers or afterwards. When this evil exists 
in a moderate degree only, the injurious conse- 
quences may be confined to the production of too 
dark a colour in the syrup, and in the sugar ob- 
tained from it. The grain of sugar produced from 
such syrup is generally good, and the molasses 
separate readily. 

When the excess of lime has been very great, 
or when this substance has been employed so as to 
completely neutralise cane-juice in which the lactic 
acid fermentation has commenced, the syrup during 
concentration will probably present features resem- 
bling those which are observed in what may be 
called — 

Saline and Viscid Syrups. — ^This state of the sy- 
rup results from many causes, which have been 
explained in the first part of the book. Any thing, 
in fact, which causes an unusual excess of the 
saline constituents in the cane-juice, as their ab- 
sorption from the soil or their formation by the 
addition of lime to neutraliisie cane^juice which has 
become sour, or whatever may establish the viscous 
fermentation in this fluid, must be so regarded. 
When thus affected, the concentration of the syrup 
at a high temperature is often impracticable. It is 
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riscid, gummy, and adhesive^ running from the 
ladle or edge of the skimmer in long strings. 

Its ebullition is very irregular and very slow; 
the bubbles seem to traverse half the surface of 
the liquid before they burst ; they appear like large 
adhesive blisters, which not unfrequently collapse, 
and for a moment leave the heated mass in a state 
of repose. I once witnessed a syrup of* this kind 
burst into flame from the fire under the teache 
being urged with a hope of expediting the concen* 
tration. 

The sugars produced are dark, heavy, clammy, 
and deliquescent. Occasionally their granulation 
will not take place at all. 

Syrups of this kind demand concentration at a 
low temperature; it is the only means by which 
can be obtained from them a remunerating quan*- 
tity of a marketable extract. 

Albuminous Syrups.-^Yxom imperfeot defecation 
a small quantity of albumen and caseine may re*- 
main dissolved in the syrup ; and for reasons 
already explained, this may be caused either by 
the presence of an acid or an alkali. 
. Albuminous syrups always produce during their 
evaporation and concentration a large quantity of 
froth, which rises faster than the skimmer can take 
away, and is often the source of considerable an* 
noyance. The addition of a small quantity of butter 
or sweet oil will generally cause the froth to dis- 
appear, as if by magic, and the rest of the operar 
tion to go on favourably. The presence of the 
small quantity of this substance sufficient' to eflSeet 
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ihe purpose iroot iiijtirious; tm the contrary; it 
seems to facilitate the process of curing. 

It occasionally ; happens, that after due concen- 
tration the syrupy instead of showing a dispositioii 
to granulate, assumes the appearance of a semi^ 
fluid substance of great tenacity and adhesivenesis^ 
such as we may suppose would be produced by a 
mixture of equal parts of mucilage and sugar. 

The term " smear^^ is applied by sugar-refiners to 
syrups of this kind. 

It is a condition not confined to impure syrups 
only, but it likewise occasionally occurs in those of 
the greatest purity. It takes place, however, much 
more frequently in the former, particularly in those 
which contain a large quantity of saline matters, as 
in green syrups, molasses, &c. 

The real nature of smear is not known. It pro- 
bably depends upon some electro^cfaemical change 
excited in the molecules of the sugar during the 
process of concentration; but which ^ however,, is 
not permanent, for syrups thus affected will, if left 
to themselves for some time, gradually become 
more and more crystalline; or if they be diluted 
by the addition of a little water, and be again con- 
centrated, granulation will ensue, as if nothing had 
previously happened. Generally their exposure in 
a heater for a short time to such a temperature as 
will preserve their fluidity is sufficient to destroy 
this ofa»acter, and to restore the crystalline powers 
of the sugar. 

Before: commencing another chapter, I must 
remind. 4sha sogar^boiler ithat whether, he conee» 
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trates his syrups highly or the reverse, that is, to a 
point that indicates the amount of water at less 
than ten per cent, or to one that shows this quantity 
to be somewhat greater than twelve per cent ; in 
other words, where the molasses will be less than 
thirty per cent, or greater than thirty-six per cent, 
he must not lose sight of the process which is to 
succeed, and to the effective performance of which 
the syrup, during concentration, ought to be 
adapted ; namely, the complete separation of the 
mother liquor, or molasses, from the sugar with 
facility and despatch. 

I believe that this point has not been sufficiently 
attended to by the persons in charge of the few 
vacuum pans which are at present in operation in 
the colonies. It is probably owing to this cause 
that the sugars hitherto produced by that apparatus 
evince, by their clamminess and stickiness, the im- 
perfect curing which they have undergone, and 
which either diminishes their marketable value, 
or demands an expensive process of liquoring to 
remedy. 

N. B. The foregoing calculations it may perhaps 
be necessary to state are based upon the supposition 
that syrup is composed of sugar and water only. 
But when foreign substances are likewise present, 
as is the case when the syrup is obtained immedi- 
ately from cane-juice, some allowance must be made 
for the disturbing action produced by them, and 
which will be in direct ratio to their amount The 
changes produced in the cane-juice during the 
various operations to which it is submitted when 
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conducted as they at present are, will likewise 
cause other deviations from the rule. Thus we ge- 
nerally find that the quantity of sugar is less, and 
that of the molasses greater, than the amount of 
water contained in the syrup is sufficient to account 
for. 
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CHAPTER VI. 

CKYSTALLIZATION.— POTTING. — METHOD AT PRESENT PTTRSUED. 
— INJURIOUS CONSEQUENCES RESULTING FROM, — THEORY OF 
CRYSTALLIZATION. — POTTING IN MOULDS. — IN CASES OR 
BOXES. — IN HEATER. — IN PNEUMATIC PAN. 

In tbe manufacture of sugar as at present pursued 
in the colonies, the syrup, after its due concen- 
tration in the teache, is passed directly into the 
coolers. This operation is denominated " skipping^- 
or " strildngr and is effected either by ladling, or 
hj means of a copper skipper, a vessel so adapted 
in shape as to fit the interior of the teache, and to 
admit at once the contents of that vessel through a 
valve made for that purpose. The skipper when 
charged is rapidly raised by a crane, and it is sup- 
posed, that the great injury which the sugar is apt 
to undergo at this particular time, owing to the 
intense heat operating upon a highly inspissated 
syrup, is thus in a great measure prevented. 

The coolers usually employed are shallow wooden 
troughs, varying in size from five to ten feet in 
length, and from three ta five feet in width, but in 
depth they never exceed one foot or sixteen inches. 
In some of the islands these vessels are made of 
copper, but with what object I am ignorant. 

Two skips at least, and usually several, are shot 
into each cooler, where they are allowed to remain 
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until granulation has commencedy and until the 
saccharine mass has acquired sufficient solidity to 
permit of its transportation to the hogshead, with? 
out risk of its leaking entirely into the molasses 
cistern. 

During its sojourp in the cooler, the hot and 
inspissated syrup is occasionally stirred about for 
the purpose of mixing together the different skips^ 
and to obtain throughout them a uniform temper 
rature, in other words, to reduce them to the tem- 
perature of the surrounding atmosphere, with as 
little delay as possible. If such have been the mo* 
tives which have caused the planter hitherto tp 
treat his concentrated syrups in this manner, as- 
suredly he could have devised no plan better suited 
to obtain his ends, for the position of the coolers in 
the boiling-house exposes their contents to the 
strong gusts of wind which are admitted on all 
sides into the building, and the shallowness of 
these vessels causes the heated syrup which they 
contain to present a very large sur&ce to the cool- 
ing influence of the atmosphere. 

By pursuing this plan, the inspissated syrup is 
most effectually and rapidly cooled; and as at the 
state of concentration to which it has been pre- 
viously brought it contains a quantity of sugar 
more than sufficient for its saturation, the latter^ is 
deposited in an amorphous or semi-crystalline state^ 
and diffused through the chiUed and viscid mor 
lasses. 

The half-crystallised sugar and the mother 
lii^Qor or molasses being thus blended togethejib 
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form a doughy and homogeneous mass which is 
cured with difficulty, and presenting in the sugar 
obtained an imperfect crystallization, which is de- 
nominated by refiners false grains. Moreover, that 
portion of the molasses which escapes carries with 
it a large quantity of sugar, while that which 
remains adheres to each small particle* of sugar 
with great tenacity, and is there retained by a kind 
of capillary attraction. 

We see, therefore, that by pursuing the system 
now in use the cooling of the syrup is promoted, 
but its crystallization and perfect curing are pre-* 
Tented. 

When the mass of sugar and molasses has be- 
come sufficiently cooled, it is dug out of the cooler, 
shovelled into a bucket or some other vessel, carried 
into the curing-house, and then thrown into the 
hogshead as if it were so much manure, where it 
remains until the drainage of the molasses is suf- 
ficiently complete to admit of its shipment To 
assist the cooling process the curing-house is 
generally open to windward, and it is not unfre- 
quently kept as cool as possible. 

Had the planter intended to convert the cane- 
juice into dough or bird-lime, he could scarcely 
have invented a more successful method of accom- 
plishing his purpose, but to obtain sugar a more 
ill-judged method, or one more defective in prin- 
ciple, could not be employed. 

Concentrated cane-juice, even when in a state 
of the graatest purity, always contains a certain 
amount of saline matters, more or less scdabley 
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which, by their combining with sugar, form highly- 
deliquescent compounds. 

Whatever may be the reason, cane-juice is at 
present seldom admitted into the clarifiers free 
from a small admixture with lactic acid, which 
demands the employment of a large quantity of 
lime for its neutralization. 

Generally an excess of lime remains in the syrup, 
its separation not having been effected by the use 
of filters. In this way the quantity of saline mat- 
ter is preternaturally increased. 

Cane-juice likewise contains a considerable quan- 
tity of a highly hygroscopic organic substance, 
which I have called the deliquescent matter of 
Hervey. 

These substances are not crystallisable, and were 
the concentrated syrup treated in a pcoper manner 
they would quickly separate from the sugar, and 
pass away in solution in the mother liquor. But 
by pursuing the present system all the constituents 
of the cane-jttice are bound up together and form 
a homogeneous, pasty, and semi-crystalline mass, 
in which the vinous fermentation is sooner or later 
established. 

The result is as might, a priorij be imagined. 
The sugar being bound up with these foreign sub- 
stances gradually melts away like ice in^warm 
weather. The drainage, which is seen issuing on 
all sides from the hogshead, does not consist merely 
of the mother liquor, that is, of the sugar held in 
solution by the water retained in the syrup, and 
the uncrystallisable and deliquescent saline bodies 



193 .POTTING; 9AMTIU 

above meotionedy but it is formed by the gradual 
melting of the entire contents of the cask — a 
bodily wasting away of the product of all our 
labours. 

, Thus a hogshead containing 200 imperial gallons 
of concentrated syrup will weigh about 2860 lbs* 
net, which ought to produce, if the manu&cture had 
been properly conducted, 2000 lbs. of good sugar 
and 860 lbs. of molasses, deliverable in England^ 
but which usually gives only 16S0 lbs. of an im- 
perfectly crystallised extract, and 660 lbs. of mo- 
lasses, the remainder being the loss sustained by 
leakage, &c. From the 1680 lbs. of sugar, when it 
has been submitted to a process of refining, rarely 
more than 75 per cent, of crystallised sugar is 
obtained in the form of loaves, lumps, pieces, and 
bastards; there being 20 per cent, of uncrystal- 
lisable treacle and 5 per cent. loss. 

This enormous loss in crystallised product, it is 
true, is not caused exclusively by the improper 
system of potting now pursued; it is caused in part 
by other errors also, committed in the antecedent 
stages of the manufacture. But it is to the former 
cause alone that the slow and imperfect drainage, 
the loss in weight occurring during the voyage 
home, the leakage of part of the crystalUsable 
sugar, and the retention of the saline and other 
uncrystallisable matters, the presence of which is 
so injurious to the sugar, are owing. 

It is said that the colonial sugar-boiler, in purT 
suing the present method of potting and skipping, 
only follows the example of the sugar refiner, of 
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former years, who skipped his syrup when suf- 
ficiently concentrated into a cooler, where it re- 
mained (being stirred occasionally with an oar) 
until crystallization was estabUshed. There is, 
however, no parallel between the two cases. It 
was the business of the refiner to form his sugar 
into loaves and lumps; and it was necessary that 
they should be compact, and present a uniformi^ 
of grain. He was therefore compelled to skip his 
concentrated syrup into some vessel which would 
permit of its being stirred or moved about during 
the time that granulation was commencing. But 
he took every care that the syrup should not be 
chilled, and while still in a fluid state he poured it 
into the moulds in which the granulation was com- 
pleted. Had he acted as the planter now does,^ the 
sugar would not have drained, the after processes 
would have been accomplished with difficulty, and 
would have been attended with a heavy loss. 

Of all the branches into which the manufacture 
of sugar is divided, none admit of being so easily 
reformed as the one before us ; but here, as else- 
where, a knowledge of the principles which should 
guide M in its performance is essential. 

When the syrup has arrived at that point of 
concentration which is desirable, the next objects 
Ixybe attained are, 1st, as large an amount of crys- 
tallization as possible; 2d, as distinct and perfect 
a crystallization as possible ; and 3d, as a result of 
the two former, an easy separation of the molasses. 

Crystallization may be considered as a variety 
of the attractive force by which particles of similar 



190 THEORY OF CRYSTALLIZATION. vabt ii. 

matter are drawn together, and are then so ar- 
ranged that the whole puts on some regular and 
determined form; so that it not unfrequentlj hap* 
pens that by a merely external examination of this 
form or crystal, its nature and composition may be 
ascertained. 

To enable particles of matter to assume the 
regularity of form which crystals exhibit, it is 
obvious that they must have freedom of motion. 
This is usually effected by reducing the substance 
to be acted upon either to a gaseous or liquid 
state. 

When a substance is reduced to a liquid state, 
by its solution in some appropriate menstruum, as 
water, alcohol, &c., its particles are considered to 
be disposed at regular distances in the liquid. If 
the quantity of liquid be considerable the particles 
are too far apart to attract each other, but if the 
quantity of the liquid be diminished by evaporation 
the distances diminish, and at length the particles 
entering within the sphere of each other's attraction 
are drawn together by certain laws which induce 
them to assume a definite form, as a cube, a rhomb, 
a prism, &c. Other particles remain dissolved in 
the liquid, forming what is called the mother 
liquor. 

That this phenomenon may be effectually pro- 
duced, it is essential, as just stated, that the particles 
have great freedom of motion, and w^hatever tends 
to prevent this tends likewise to check crystalliza- 
tion. If the menstruum be limpid and thin, the 
effect is produced most favourably; but if it be 
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thicky adhesive, and tenacious, the reverse will 
occur. 

The size and regularity of form in the crystals 
will be influenced by the rapidity of the evapora- 
tion. If this process be slowly conducted, the par- 
ticles unite with great regularity; if it be hurried, 
the crystals are irregular and confused. We have 
good examples of the two cases in loaf sugar and 
sugar candy. 

If these data be applied to the management of 
the syrup when skipped, such a plan should be 
pursued that the syrup may be preserved in a state 
as free as possible from viscidity or tenacity, so as 
to admit of the easy approximation of the saccha* 
rine particles. For this purpose the contact of 
cold air, and particularly draughts of wind, should 
be avoided; and to prevent the too sudden or 
rapid cooling of the syrup, it should be exposed to 
a gentle and uniform temperature. That the crys- 
tals of the sugar may be perfect in form, distinct, 
and sufficiently large, the syrup should be placed 
in such a condition that the process of crystalliza* 
tion shall not be too hurried. It must, however, 
at the same time be borne in mind that the results 
of the operation must be regarded in a commercial 
rather than chemical point of view ; consequently, 
that the time allowed for its performance should 
be DO more than what is absolutely necessary; for 
in this, as in all other branches of manufacture, 
time is capital, and can be spared only at a certain 
sacrifice. 

To eflfect these objects, the concentrated syrup 
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should be skipped immediately into moulds or 
forms, or into large wooden cases of a size sufficient 
to contain a hogshead of sugar. In either case 
these receivers should be placed in a curing-house, 
the uniform temperature of which is carefully pre- 
served, and from which all currents of air are ex- 
cluded. 

When forms or moulds are employed their size 
should be as great as can be given to them con- 
sistent with a facility of their being lifted and re- 
versed when their contents are required to be 
taken away ; because they will occupy less space, a 
less amount of labour will be required to discharge 
an equal weight of sugar, the cooling of the syrup, 
in consequence of its greater bulk, will proceed 
more slowly, consequently the crystallization will 
go forward for a longer time, and will in every 
respect be more complete and perfect. 

The moulds, having the holes at their extremities 
plugged up with a piece of rag, are to be placed side 
by side over jars which rest on the Jloor of the 
curing-house ; or they may be fixed in holes cut in 
tables made for the purpose, under which are gut- 
ters for carrying away the molasses a6 they escape. 
These vessels are to be filled in succession with the 
syrup from the teache; and when crystallization 
has advanced so far as to form a crust or pellicle 
on the surface of the syrup, a wooden knife must 
be introduced, for the purpose of separating the 
crystals on the surface and those which adhere to 
the sides of the vessel, and dispersing them through- 
out the mass. This operation should be repeated 
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once or twice, otherwise the crystals which always 
appear first at those parts of the syrup most ex- 
posed to the cooling action of the atmosphere will 
drive the liquid portion to the centre of the cone. 
The drainage under such circumstances would be 
tedious and incomplete, and the lower half of the 
sugar likewise, from the percolation of the dark mo- 
lasses through it, would be soiled. Moreover, if the 
cooling took place very rapidly, the crystallization of 
the sugar would be replaced by the formation of com- 
pact rocky masses, which would never undergo com- 
plete drainage. , 

When the contents of the moulds have attained 
throughout the temperature of the curing-house, 
which will be in 24 or 36 hours, the plugs should be 
withdrawn, and the molasses allowed to escape. 

It sometimes happens that in consequence of an 
insufficient concentration of the syrup the sugar in 
the moulds is too free, and a quantity of crystals may 
escape with the molasses. When this is the case, 
it is advisable to introduce into the hole at the apex 
of the mould a hollow cone of tin or copper similar 
in shape to an extinguisher, which is pierced with a 
number of small holes, of such a size as to admit of 
the escape of the molasses, but which will retain the 
crystals of the sugar. 

The curing-house ought to preserve a great uni- 
formity of temperature, that of 90° being the one best 
suited for all purposes. This is readily effected with- 
out artificial aid within the tropics. All currents of 
air should be prevented, and light should be freely 
admitted; the windows which are now left open 
13 
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should be glazed and closed, or, still better, glass 
sky-lights made in the roof may be advantageously 
substituted for them. 

The refiners of Europe always employ moulds for 
potting their sugars, and in many respects they offer 
advantages over the kind of vessel I am about to de- 
scribe, for the drainage from them is more rapid and 
more complete, and the sugar in consequence is 
more speedily and more effectually cured. They 
also admit of a more easy and more successful syrup- 
ing afterwards, should it be desirable to submit the 
sugar to that operation. On the other hand, their 
use requires more labour, a more spacious curing- 
house, and I think that the crystals of the sugar are 
both smaller and less perfect than when the follow- 
ing plan is employed, which, perhaps, on the whole, 
at the present time is the one best suited to the colo- 
nies. 

A sufficient number of water-tight wooden chests 
or boxes, varying in size from three to four and a 
half feet cube, according to the quantity of produce 
daily obtained, are to be placed side by side on the 
joints of the curing-house, in such a way as to leave 
between every two rows a passage or gangway for 
the use of the people employed in the works. 

Each box should be provided with a false bottom 
placed about two inches above the lower one. It 
may be formed of a sheet of metal perforated with a 
great number of minute holes, of fine metallic wire 
or of wicker-work, and must be so strengthened as 
tq admit of its supporting the weight of the superja- 
cent sugar. The false bottom may be covered over 
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with a piece of coarse sacking, on which is to he 
spread a layer of dry sugar, about an inch in thick- 
ness. A wooden plug, a cock, or still better, an 
American molasses' slide, is to be itiserted into the 
space between the two bottoms; the apparatus is 
then complete. 

Skip after skip of the concentrated syrup is to be 
poured into this vessel until it is full. Each skip as 
it is poured in must be blended with those which 
have preceded it, so as to equalise the temperature of 
the whole. 

When the vessel is filled its contents must be 
allowed to remain in a state of repose until a film 
of crystals is seen upon the surface. A slight 
stirring will then be required to disperse the 
crystals^ which must be repeated occasionally until 
all danger of the formation of a cavity in the centre 
is past. 

So large a bulk of hot syrup necessarily requires 
a much longer period to cool than ^(vould be de- 
manded by the contents of a large mould. Three 
or four days will, however, be quite sufficient for 
the purpose. 

When the mass has set, has become solid, and has 
acquired throughout the temperature of the curing- 
house, the plug must be withdrawn and the molasses 
suffered to escape. 

The form of the crystallising vessel may be modi- 
fied in a variety of ways. The following may 
be employed with advantage. Instead of a false 
bottom it may have three or four holes of three- 
quarters of an inch in diameter bored into it. These 
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holes should be fitted with wooden plugs, which can 
be withdrawn when the drainage is required to begin. 
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When the concentration of the syrup has been 
eflfected at a low temperature ; in such wise that crys- 
tallization of the sugar has taken place at the same 
time, it is customary to skip into a heater, that is, a 
vessel surrounded by a steam-jacket. By this means 
the temperature of the syrup is preserved, and very 
frequently augmented several degrees. It is here 
kept for some time, being frequently and briskly 
stirred, so as to mix together the different skips, to 
equalise their temperature, and to diffuse the crys- 
tals as much as possible. 

In consequence of the regulated degree of heat 
to which the syrup is submitted during this process, 
it is presumed to be placed in a condition best suited 
to assist the crystallization of that portion of it which 
from over-saturation has a tendency to separate in a 
solid form, and which would do so in an amorphous 
or semi-crystalline state, were the temperature not 
kept up. While in this fluid state it is passed into 
the moulds, and is then treated in the manner de- 
scribed. 

This operation is essential to the refiner, but it 
is questionable whether the advantages that it offers 
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to the planter are sufficient to compensate for the 
additional trouble and expense that its employment 
would entail. 

Indeed I think the use of the heater may safely 
be dispensed with in those colonial boiling-houses 
where the syrups are concentrated at a low tempera- 
ture, and one of the former plans of skipping into 
cold granulating vessels be substituted for it. When 
concentration is produced by ebullition in the open 
air, the employment of the heater would be inadmis- 
sible. 

It is now several years since a patent was taken 
out by Mr. Hague for " certain improvements in the 
method of expelling molasses or syrup from sugar.'' 
This plan consists in placing the concentrated syrup 
in a vessel which hs& a false bottom perforated with 
many minute holes. When the mass is sufficiently 
consolidated a vacuum is formed in the space be- 
tween the two bottoms, into which is inserted the 
suction-pipe of an air-pump for the purpose. By the 
pressure of the atmosphere it was imagined that the 
molasses would be expelled, leaving behind them the 
solid sugar. 

The same principles are carried out in an im- 
proved manner in the pneumatic pan lately patented 
by Mr. Cooper. 

In the granulating or curing apparatus of the latter 
gentleman, the concentrated syrup can be skipped 
directly from the teache ; and when the granulation 
is completed, on a sufficient amount of exhaustion 
being effected, the resilience of the cane-work, of 
which the false bottom is constructed, is overcome, 
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and the molasses are forced away, leaving the crys- 
tallised sugar behind. 

Pneumatic curing vessels, however, of whatsoever 
construction they may be, perform the purposes for 
which they are intended very inefficiently, when em- 
ployed upon the badly granulated sugars made at the 
present time in the colonies. The attraction between 
the false grain of the sugar and the surrounding viscid 
molasses can not in this manner be overcome; for what- 
ever may be the degree pf vacuum obtained, a large 
portion of the soft and yielding sugar is forced away 
in the drainage, and a quantity of molasses more or 
less considerable is still retained. But when the 
sugar has been manufactured in a skilful manner, 
when the grain is large, bold, and distinct, an.appar 
ratus of this kind, there can be little doubt, may be 
employed with considerable benefit in the economiza- 
tion of the time at present required for the '^curingJ^ 
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CHAPTER VII. 

CLAYING. — LIQUORING OR SYRUPING. — HOW PERFORMED. — ITS 
ADVANTAGES. — ITS ACTION. 

When the drainage from the sugar in the moulds 
or chests has ceased, or when the molasses come 
away very slowly, it is at all times advisable to 
assist their more perfect separation by artificial 
means. The process by which this object is ob- 
tained may be said to constitute the essential part 
of the art of refihing, as by it we have it in our 
power, provided the previous stages of the manufac- 
ture have been skilfully conducted, of obtaining sugar 
of the most perfect whiteness and purity — the only 
limits in this respect being the commercial conside- 
ration of profit and loss. 

The means formerly employed by the refiner 
and beet-root sugar manufacturers of Europe for 
effecting this object consisted in applying to the 
upper surface of the sugar a " magma^^ composed 
of clay beaten up with water to the consistence of 
a thick cream. The water being in a great measure 
retained in the clay, as in a sponge, separates slowly 
from it, and percolates gently and gradually through 
the sugar, forcing the dark molasses before it. In 
the course of a few days the clay becomes dry ; it 
is then removed, a fresh supply is administered, 
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and this is repeated until the sugar acquires the co- 
lour desired. 

This process is still pursued in Cuba and the 
Brazils; but there are certain disadvantages attend- 
ing it which are sufficient to cause its total abolition 
in every boiling-house, namely, its inefficiency for 
the purposes intended, the great loss of weight pro- 
duced by the dissolution of the granulated sugar in 
the water, and the length of time required for its per- 
formance. The following system ought always to be 
substituted for it. 

Liquoring or syruping the sugar has for its ob- 
ject the replacing of the dark-coloured molasses by 
another liquid of greater purity and of lighter 
colour. The liquid to be selected for this purpose 
must be of a sufficient density to force the molasses 
before it as speedily as can be done with benefit ; 
it must be incapable of dissolving any portion of 
the sugar with which it comes in contact; it must 
be much lighter in colour than the molasses to be 
displaced ; it must be innocuous to health, and of 
such a nature as not to diminish the degree of sweet- 
ness of the entire mass. 

The only liquid with which we are acquainted, 
that possesses all these qualifications, is a light<K)- 
loured syrup, of such a density as to indicate its sa- 
turation at the temperature of the atmosphere. 

When in the judgment of the sugar-boiler the 
contents of the moulds or cases are sufficiently 
cured to admit of their being liquored, he must 
proceed as follows. The crust which always exists 
on the upper surface of the sugar must be removed 
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to the depth of one or two inches, and an even and 
perfectly smooth face raust be given to the sugar 
below by means of a curved knife and a trowel. 
The sugar which has been removed must be crushed 
fine, and mixed with cold water to the consistence 
of mortar, so as to form a magma, or paste, free 
from lumps, in which state it is to be returned, 
and spread over the face of the sugar as evenly as 
possible. 

In a few hours the face of the sugar will have be- 
come again sufficiently free from moisture to allow 
the liquor or syrup to be poured on it. 

To prepare the syrup we may employ either the 
refined lumps imported for the purpose, or sugar 
expressly prepared in the boiling-house; or, perhaps, 
what will in general be' found most advantageous, 
a quantity of syrup taken from the evaporating 
vessel, and rendered of the density required by the 
addition of the necessary quantity of footings or 
headings. 

However prepared, the syrup must have the 
colour which the quality of sugar we may be de- 
sirous of obtaining will demand. For this purpose, 
when the liquor is not prepared from refined sugar, 
it is essential that it should be passed through a 
charcoal filter, or that it shall be blown up with fine 
charcoal and blood, and afterwards filtered through 
bags. 

If the syrup be prepared from sugar alone, its' 
concentration must be carried on until it has a 
density of 31° 5' Beaum6, when cold. If it be 
prepared from liquor from the evaporating vessel 
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and dense and pasty footings, its density must be 
about one degree higher. 

When perfectly cold, the syrup must be poured 
to the depth of two inches over the sugar prepared 
in the manner just described; and it is necessary that 
a smooth and even face shall have been formed, other- 
wise the syrup is liable to percolate very unequally, 
and often to escape through holes and passages which 
it makes for itself 

In the colonies it will seldom be necessary to 
"syrup" more than once, but if a still better 
colour be required the operation may be repeated. 
We may, if we choose, as I have already stated, by 
the use of very colourless syrup, produce a sugar 
equal to the best crushed lumps of the European 
refiner. It may, however, be doubted whether 
carrying the process of syruping to the extent 
practised in Europe will be, on the whole, profit- 
able. 

Sugars which have undergone this process, even 
to a limited extent, are not improved in colour only, 
but they are also much drier, less adhesive, their grain 
is more distinct, and they suffer no loss of weight from 
leakage during the voyage home. 

The process of syruping or liquoring the sugar 
is not merely an improvement upon the old method 
of claying, for the principles on which the two act 
are different. By the use of the clay we obtain 
merely the beneficial results which are caused by 
the washing of the crystals with water, and these 
are effected at a considerable loss. For the water 
as it percolates dissolves more or less of the sugar 
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with which in its passage it comes into contact; 
and in consequence of its union with the molasses, 
its bleaching effects are confined to a small dis- 
tance beneath the surface. But a solution of sugar 
of the required density being in a state of perfect 
saturation cannot so act; it already contains as 
much sugar as it is capable of dissolving at the 
surrounding temperature; and its action is conse- 
quently confined to the purely mechanical one of 
forcing by its weight and pressure the molasses 
before it, and of occupying their place. 

On the surface of sugar which has been syruped 
there is formed a hard crust of very little thickness, 
but which is always of a deeper colour than the 
sugar underneath it. This crust may be removed, 
or it may be bleached by covering it with a damp 
cloth, which acts in the same way as moist clay. 

It has been recommended to use strong spirits 
of wine for the purpose of discharging the molasses 
from sugar. As this plan presents no advantages, 
and as it is one attended with considerable expense, 
it has never been generally adopted. 

When the pneumatic curing pan is employed, 
the molasses may always be effectually discharged 
from the interstices of the sugar by causing a 
quantity of fine syrup to be forced through when 
the curing is sulBSciently complete. But the quan- 
tity of syrup required for the purpose must be 
very considerable, owing to the form of the pan 
and the large surface of sugar which is exposed. 
The process, therefore, when applied under these 
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circumstances, will necessarily be a very expensive 
one. 

When the sugar after it has been syruped is suf- 
ficiently dry, it must be taken out of the moulds 
and cases and put into hogsheads or bags ready for 
its shipment. Those portions, however, which still 
remain moist may be used for making the syrup 
for liquoring : they may be put into smaller vessels 
to undergo a renewed drainage, or, if very clammy, 
they may be returned into the concentrating vessel, 
and there be mixed with the syrup which it con- 
tains. 

When practicable, some advantage would be ob- 
tained by exposing the sugar to the heat of a stove 
for a day or two previously to its being placed in 
the hogsheads, but not sufficient to repay the ex- 
pense of erecting a building for the purpose. 
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CHAPTER VIIL 

C0NCENTBATIN6 THE GREEN SYRUP, OR MOLASSES. 

By the mode at present pursued of potting in 
the hogshead, the drainage as it escapes passes 
directly into the molasses' cistern, a cavity situated 
immediately beneath the beams of the curing-house. 
This cistern is consequently exposed and open. It 
is lined with cement, and is seldom in a perfect 
state of repair. 

Here the molasses remain until they are shipped, 
or until they are required for distillation. The 
result is as might be expected ; rats, cockroaches, 
and other vermin creep in, and assist, by their de- 
composition, the rapidity and degree of the fermen- 
tation, which, under any circumstances, is sooner 
or later certain to arise. 

In the palmy days of West India prosperity this 
lax and improper system may in some degree have 
been excusable, owing to the highly remunerative 
prices obtained for all the produce ; at present it 
can only be considered as one of extravagance, and 
therefore of loss. 

In the first place, a quantity of molasses is always 
lost, either in consequence of the leakage of the 
cistern, or from its absorption by the cement. 
2. Owing to the evaporation constantly going on, a 
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quantity of a soft, whitish, and amorphous sugar is 
precipitated to the bottom of the cistern. 3. The 
vinous and acetous fermentation set in, and a part 
of the saccharine matter is converted into carbonic 
acid, alcohol, and acetic acid or vinegar, while 
another part is converted into uncrystallisable 
glucose. Thus from a fluid possessing a bland, 
sweet, and sugary taste, the molasses are often 
changed into one having an offensive smell and a 
foreign and disagreeable taste. During the voyage 
these changes continue, and often increase in in- 
tensity, from the high temperature existing in the 
hold of the ship. Nevertheless, in spite of all the 
injuries which they have received, the molasses, on 
their arrival in this country, find a market, and by 
the skill of the purchaser are converted into fitigar, 
of a quality superior to that from which they were 
originally obtained. 

Can there be a greater proof of the ruinons ma- 
nagement of a West India sugar estate than this 
fact ? (In Jamaica, owing to the high price obtained 
for the rum, the molasses are wholly converted into 
that spirit, and the loss is considerably diminished 
in consequence ; but in those colonies from which 
molasses ^re exported, the decomposition which they 
undergo is a serious item in the depreciation of 
revenue of every estate.) 

Many planters assert that molasses cannot be 
concentrated so as to afford sugar by the plant now 
in use, I know not how they have arrived at such 
a conclusion ; for in the Mauritius, where the dis- 
tance from a market causes the exportation of the 
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molasses to be au unprofitable speculation, the first 
and second syrups are always reboiled, and not 
unfrequently the third also. The . plant of that 
island is the same as the one in use in the West 
Indies. 

At present the West India proprietor for the 
most part distils one part of his molasses, the re- 
mainder is shipped to this country or to America. 
If it is found more beneficial to send them to an 
English market than to distil them on the estate, 
it is evident that the profit which there attends 
their conversion into sugar is obtained at the ex- 
pense of the proprietor, who has to submit not 
alone to that loss, but likewise to the one which 
results from their deterioration, and this cannot 
be less than from ten to fifteen per cent., and pro- 
bably it is much more. 

There can be no doubt that the molasses ought 
to be converted either into rum or sugar on the 
spot where they are produced, and at as short a 
time after their separation from the sugar as pos- 
sible. The first may not be a remunerative opera- 
tion; but either the second must be, or else the 
manufacture of sugar from cane-juice is one alto- 
gether profitless. For while the expenses attendant 
on the cultivation of the canes, and the concentra- 
tion of the juice intx) sugar, are considerable, those 
required for the boiling of the molasses are very 
small indeed, the amount of evaporation necessary 
for their inspissation seldom exceeding twenty per 
cent. 

Were the concentration of the green syrup or 
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molasses generally practised, the economy that 
would result would not be confined to the increase 
in the quantity of sugar that would be obtained; 
but the adoption of the plan would also admit of a 
considerable improvement in its quality. It is 
now the object of the planter to extract at one 
operation from the cane-juice as great a quantity 
of sugar as he can ; the consequence is, that the 
point of concentration is often carried too far. 
This appears to have been the case whenever the 
method of concentrating in vacuo has been pursued ; 
and although the crystallization is in those cases 
generally very perfect, the separation of the mo- 
lasses from the sugar is rarely found to be complete, 
and the value of the latter article is thereby ren- 
dered less than what it would otherwise have been. 

If the conversion of the molasses into sugar be 
decided upon, every means ought to be adopted to 
perform the operation before their fermentation 
shall have commenced. Instead, therefore, of allow- 
ing the drainage to pass into an open cistern, the 
syrup should be collected in gutters, made of tin or 
wood, placed for the purpose underneath the crys- 
tallising vessels, and by this means be conveyed 
into clean puncheons so fixed as to receive it. 

At the end of the week, at the latest, the molasses 
should be worked off. This may easily be done; 
as Saturday, a day on which no work is performed 
in the greater number of the colonies, may be set 
apart for the purpose. 

Molasses, like the original syrup, may be concen- 
trated either over the naked fire or by steam, at a 
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high or low temperature; and the same directions 
are applicable to them as were before given for the 
canesyrup. We should remember, however, that 
the poorer the syrup the more stiffly will it require 
to be concentrated; so that if the syrup which drains 
from the molasses-sugar be re-concentrated, it should 
be inspissated as highly as is consistent with its ulti- 
mate drainage. 

The more stiffly these low syrups are concentrated 
the greater will be the temperature required for curing 
the sugar produced from them. 

After every consecutive concentration the molasses 
acquire an increased density. When it becomes 
equal to 44° Beaum6, crystallization can no longer 
be induced. 

The drainage which comes away from the first 
sugar after syruping should be carefully separated 
from the molasses themselves: it should be returned 
to the evaporating vessel, and there be mixed with 
the defecated cane-juice. The drainage from the 
molasses-sugars or bastards, when syruped, may be 
mixed with the first quality of the molasses, or it 
may be thrown into the concentrating vessel at 
once. 

The sugar obtained from the first molasses ought 
always to be liquored, and the syrup used for the 
purpose should be made from the sugar obtained from 
the cane-juice. 

, Concentrated molasses are sometimes too poor to 
bear much stirring in the crystallising vessel. 

The time required for their crystallization is ia 
proportion to their richness, and may vary froaip 
14 
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twenty-four hours to a week. The drainage should 
not be suffered to commence until the necessarj quan- 
tity of grain is fully formed. 

It is by producing a superior quality of molasses 
that one very considerable advantage is obtained by 
the filtration of the evaporated cane-juice through 
animal charcoal. When this process has been pur* 
sued, the molasses may be concentrated without un- 
dergoing any previous treatment When it has not 
been resorted to the molasses have a darker colouri 
and they are more viscid and tenacious, nevertheless 
they may likewise be reboiled or otherwise concen- 
trated at once, and the sugar produced will be of a 
tolerably good quality. 

But in England molasses are either blown up 
with fine charcoal and blood, or with' alumina: 
they are then passed through bag filters, and after- 
wards through deep beds of animal charcoal. In 
the colonies the filtration through charcoal would 
be far from economical, as the force of the charcoal 
would be expended on bleaching a liquid, a por^ 
tion of which, after the extraction of a profitable 
quantity of sugar, is destined merely for distilla- 
tion. 

Dark and viscid molasses are much improved by 
being blown up with a little sulphate of alumina 
aiid chalk or lime, in the manner described in the 
chapter on Defecation. When this is performed, 
they should be reduced by the addition of a small 
quantity of water to the density of 82®, 33° Beaumi; 
and after ebullition in a copper vessel, be passed 
through bag filters. This operation will not be 
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urgently required if the molasses be submitted to 
concentration at as short a period as possible after 
their separation, and before fermentation has com- 
menced. The results produced by it are, however, 
always beneficial. 

When the last drainage from molasses-sugar be- 
comes at length so poor, as in the judgment of the 
planter to be unfit for a profitable concentration, it 
should be conveyed to the still-house to be converted 
into rum. 

The number of times that the molasses may be 
submitted to concentration will depend upon many 
circumstances: in the West Indies, twice probably 
will be the utmost that this operation will be per- 
formed, even when the cane-juice is rich ; the third 
runnings in all cases will, there can be little doubt, 
be most advantageously used for distillation. 

When the syrup shows no sign of granulating, 
this result may often be obtained by stirring through 
it a small quantity of dry sugar to form nuclei for 
the crystals. 

For the perfect curing of sugars obtained from low 
syrups, the temperature of the curing-house should 
be at least 100*^, when that point can be obtained 
without inconvenience; and the air should be as free 
from moisture as possible. 
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CHAPTER IX. 

RECAPITULATION. — ^ALTERATIONS REQUIRED IN PRESENT PLANT. 
— ERECTION OF NEW BOILING-HOUSES, ETC. 

We have now gone through all the operations 
which collectively form the manufacture of sugar 
from cane-juice. It has been shown that each of 
them possesses an evident and dislinct purpose, 
on the attainment of which the successful result 
of the whole will greatly depend. The principles 
on which their right performance is baaed have 
been explained, and the application of thcMse princi- 
ples has, I hope, been proved to be both easy and 
simple. My reward will be great, could I be as- 
sured that the reader, if he be a planter, will rise 
from the perusal of the foregoing pages with clearer 
views than he before had of the theory of hi« art; 
that he will have acquired the conviction that it 
possesses none of those mysterious difficulti^ with 
which his imagination has too frequently clothed 
it, and that he will thereby be encouraged to practise 
it with pleasure to himself, and with profit to his em- 
ployers. 

Let us again take a short and retrospective view 
of these operations, the better to impress upon the 
memory the objects which by their means we wish 
to obtain. 
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l.The canes should be cultivated with a view 
not merely to their size and abundance, but we 
should, at the same time, by every means in our 
power, cause them to yield a juice as rich in sac- 
charine matter and as free from all impurities as 
possible ; and to prevent the evil which would re- 
sult from decomposition of the juice, when cut, the 
canes should be conveyed to the mill without loss of 
time. 

2. We should attempt to get from the canes the 
largest quantity of juice, either by improved mills, 
or by close attention to the fitting, bracing, feeding, 
&c. of those now in use; by sprinkling the megass 
with water, or by exposing it to steam, and by repass- 
ing it between the rollers. 

3. We must employ the best means in our power 
to defecate the cane-juice, that is, to make this 
liquid approximate as near as we can to a solution 
of sugar and water only. Its speedy exposure to 
the action of a high temperature must be effected, 
and the greatest caution must be practised in the ad- 
ministration of the '^temper-lime^ 

4. The defecated liquor should be evaporated to 
the density of 32° Beaum6, or to any other suitable 
degree, with the greatest expedition; care being 
taken at the same time that the carbonization of 
even the smallest particle of the sugar be prevented, 
by constantly preserving in the pan a depth of liquor 
suflScient to cover that part of it which is exposed to 
the fire. 

6. The object of filtering the liquor through 
animal charcoal is the more perfect removal from 
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it of thealbaminous principles, excess of limei colour- 
ing matter, acidity, &c. 

6. That the concentration of the sjrrup to sugar 
proof should be effected with rapidity, and at the low- 
est temperature possible. 

7. That to promote an abundant and perfect crjrs- 
tallization, repose, moderate warmth, and an equable 
temperature are necessary; and to effect the better 
curing of the sugar, these two operations should be 
performed in the same vessel. 

8. That to induce the complete separation of the 
molasses, the sugar, when sufficiently cured, should 
be submitted to the process of liquoring. ^ 

' 9. The molasses must be concentrated before any 
fermentative change shall have commenced. 

Such are the objects that the planter has in view 
(whatever may be the means selected for obtaining 
them) in his efforts to extract sugar from the 
sugar-cane. In my humble opinion at least, a 
knowledge of the principles on which those opera- 
tions are based will be found to benefit him far more 
than the supply of the most expensive machinery 
and apparatus where this knowledge is wanting. 
It is not the instrument that makes the musician, 
neither does it follow that the most perfectly ar- 
ranged boiling-house will produce the best sugar, 
where the skill which ought to direct its management 
is wanting. 

A sugar-boiler who understands his business will 
always be able to accommodate his means to his 
purposes. 

A little reflection will show that all the foregoing 
operations may be performed, more or less satis- 
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factorily, ia a variety of ways; that is, by keeping in 
view the objects sought for, the merely mechanical 
contrivances introduced to effect them may be modi- 
fied almost infinitely. We have suflficient examples 
of these contrivances in, the great number of patents 
which, within the last few years, have been obtained 
in this country and in France for improving the 
manufacture of sugar, and in the various and costly 
machinery lately introduced into some of our own 
as well as into several foreign possessions. In not 
any two cases, probably, is the plant exactly alike. 
On one estate the evaporation is performed over 
the fire, on another by means of steam, while in the 
central factory of Guadaloupe this process, as well 
as the subsequent one of concentration, is conducted 
in vacuo. 

It must not be supposed that I undervalue the 
importance of those inventions : on the contrary, I 
consider them as improvements in the highest de- 
gree, and as such deserving the greatest commen- 
dation; but it cannot be denied that the results 
which have followed their precocious introduction 
into the colonies have generally indicated that both 
proprietors and planters have commenced at the 
wrong end ; that they have sought perfection with- 
out having previously acquired the knowledge ne- 
cessary to attain it. Moreover, the vast majority of 
estates are so encumbered, and capitalists have yet 
so little confidence in the results of free negro labour, 
as to preclude, for the present at least, the possibility 
of their possessing generally new and expensive 
apparatus; I must therefore reiterate my con vie- 
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tioDi that the great element of success ia the plant- 
er is such a knowledge of his business as will ena- 
ble him to improve the circumstances which sur- 
round him. 

I have already pointed out a method, unaccom- 
panied with expense, of improving the present 
arrangement of the boiling-house. I shall now pro- 
ceed to mention one or two others. 

Let us suppose that a planter has to conduct the 
management of an estate, on which the boiling- 
house contains, for manufacturing purposes, merely 
five old-fashioned teaches constructed of iron ; that 
there shall be a great deficiency of available means, 
and that poverty admits only of the least expensive 
improvement in the plant Much even here^ may 
be done : an increase in the quantity of juice ob^ 
tained from the canes, equal to from five to ten 
per cent, over that previously expressed, will in 
all probability be effected by the bestowal of a 
little care and attention upon the mill. The re- 
moval of the teache, and the substitution for it of 
j^ circular flat-bottomed concentrating vessel, made 
of copper, and set upon a separate fire, will be 
re([uired. The remaining pans will continue in 
sitUy the fire being applied underneath the one 
which before was the second, but which in the new 
arrangement will be the first. A set of bag filters, 
fitted as near as possible to the first pan, that is, 
in the place previously occupied by the teache, com- 
pletes the alterations. The cane-juice on being re- 
ceived in the grand copper is exposed to the action 
of heat and lime, that the separation of the nitro- 
genised substances may be as complete as possi- 
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ble. If the pans be made of iron, the defecation 
cannot be assisted by the addition of a little sul- 
phate of alumina, in consequence of the action 
which the sulphuric acid would exert upon that 
metal ; the hydrate of alumina produced by the de- 
composition of the sulphate should therefore be sub- 
stituted. 

The scum should be removed in the usual man- 
ner; and when the liqiior in the vessel which is 
placed over the fire acquires the density of 32°, it 
should be passed into the bag filters. After filtra- 
tion the syrup is to be concentrated, and the sugar 
should be crj^tallised in boxes of a size suited to the 
work to be performed. 

By this mode of treatment the amount of crystal- 
lised extract will be much greater, and its quality will 
be superior to that obtained when the ordinary me- 
thod of manufacture is pursued. 

Should we be desirous of effecting a still greater 
improvement in the quality of the sugar, a quan- 
tity of fine animal charcoal may be thrown into the 
liquor when duly skimmed and defecated, in the 
proportion of from five to six pounds of the former 
to one hundred gallons of the latter; and when the 
liquor in the first copper has acquired the density of 
30°, two pounds of dried blood, previously dissolved 
in five or six gallons of cold liquor, are to be thrown 
in and briskly stirred ; ebullition will recommence 
almost immediately, when the whole should be 
skipped into the bag filters. When the pans are 
made of copper, the defecation may be rendered 
more effectual by decomposing the sulphate of alu- 
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mina while in contact with the cane-jnice by the 
addition of lime or chalk. 

To assist as much as possible the work of the 
filters, sieves, constructed with metallic wire, may 
be suspended over each copper, and the liquor in 
its progress forward should be caused to pass 
through them. The meshes of course should be as 
small as is compatible with the rapid transmission 
of the liquor. 

Another modification in the arrangement of the 
plant consists in retaining all the coppers as they 
now are, but confining their use to defecation and 
evaporation merely. The cane-juice after -defeca- 
tion and the removal of the scum is to be evapo- 
rated to 33^, and on its attaining that density it is 
to be conveyed from the teache to a large clarify- 
ing vessel, made deeper than those which are usu- 
ally so called, and capable of holding three or rnore 
skips. To each skip as it enters should be added 
a quantity of fine animal charcoal, and when the 
vessel is sufficiently charged, blood, either fresh or 
dried,, must be thrown in. Heat must then be ap- 
plied, and when ebullition has fairly commenced, 
the fire is to be damped and the liquor must be run 
into the filters. 

If the merits of Gadesden's concentrating pan 
be found on experience to correspond with the 
reports now received respecting it, this apparatus 
ought to replace the open vessel, in which concen- 
tration can only be effected at a high tempera- 
ture, whenever the means of the proprietor will 
admit 
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Slight alterations in the plant, similar to the 
above, are, I am afraid, the only improvements that 
the poverty of many proprietors of sugar estates will 
admit of being effected in the boiling-house, at least 
for the present 

Were the sugar colonies in a more prosperous 
condition, so as to encourage the formation of new 
establishments for increasing the productions of their 
staple, the following considerations should direct us 
in the choice of locality and the mode of erection : — 
1. The obtaining of a cheap motive power. 2. The 
easy supply of fuel other than megass. 3. The 
facile communication with a good shipping-place. 
4. The economical and effective arrangement of the 
plant. Let us apply these desiderata to the con- 
struction of a boiling-house capable of making 300 
tons of sugar. 

Of all motive powers, none can be compared with 
water in point of economy, nor is any more effective 
when the supply is permanent, abundant, and skil- 
fully applied. Its mode of application should be that 
of an overshot wheel. 

The mill should be.of the most solid and artistic 
construction, and should be composed of four 
rollers. It ought to be sufl&ciently elevated to 
permit of a gentle descent in the passage of the 
cane-juice into the clarifiers. Those vessels should 
be three in number, and they may either be square 
to economise space, or altogether of the form and size 
of those now in use ; their contents may be heated 
with dried cane-tops or megass, and ebullition of 
their contents must be induced as quickly as possible. 
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The clarifiers should likewise be so raised above 
the level of the evaporating vessels as to permit the 
defecated and filtered cane-juice to run from the 
lower cistern of the filters directly into those ves- 
sels without the assistance of a pump or monte^us. 

The evaporating vessel or vessels should be con- 
structed on the plan of either of those recommended 
in the chapter on that subject ; and to its discharg- 
ing extremity there should be attached a cylindri- 
cal copper cistern, resting on the floor of the boil- 
ing-house, and rising to a level with the bottom of 
the evaporator. The cistern should be closed at 
top, and it should communicate with the evaporator 
by means of a pipe on which is fixed a stop-oock. 

In it also is to be introduced the whole of the. 
working barrel of a small force-pump, for the pur- 
pose of raising the syrup either into the charcoal 
cisterns, when they are used, or into the cistern 
from which the concentrating vessel is to be sup* 
plied. The evaporation should be effected by 
coals. 

The objection raised against the use of pumps is 
the liability to souring of the Jiquor induced by the 
decomposition of a small quantity which is absorbed 
by the wood, leather, and tow of the clack valve, 
bucket, &c. This is entirely obviated in the pump 
patented three or four years ago by Messrs. Palmer 
and Perkins, which is composed entirely of metal, 
the valves being merely elliptical disks of copper. 
These pumps also are worked with the greatest 
facility, the friction being reduced almost to a 
nullity. 
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For the purpose in question it is impossible to 
recommend this kind of pump too strongly ; for by 
its use we have all the advantages of a hot or cold 
monte-jus in a boiling-house, where, from the ab- 
sence of steam, the latter is inapplicable. 

When a pump is employed to raise boiling liquids 
it may perhaps be necessary to mention that the 
working barrel should be immersed in the fluid to 
be raised. 

The modes of filtration through charcoal have 
been described. 

As the employment of steam is not contemplated 
in a boiling-house constructed upon this plan, the 
choice of a vessel for concentrating the syrup is 
limited to one of those in which this kin4 of heat- 
ing medium is not required. 

There are few situations which possess all the 
above advantages for the establishment of a sugar 
factory : one or more of them will generally be 
absent. For instance: we not unfrequently see 
that, for the purposes of getting a good water 
power, other considerations have been entirely 
overlooked at the time when many estates were 
established. This is more frequently observed in 
those islands which have offered great advantages 
in this respect. Water is an excellent and cheap 
power, which should always be taken advantage of 
when the other requisites are present at the same 
time ; but it is one which we should not hesitate to 
sacrifice when they are absent. 

Steam is a motive power, by the employment of 
which we almost always have it in our power to 
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select a situation for the erection of sugar works 
which will possess all the other advantages; for 
which reason there can be little doubt this agent 
will be the one hereafter most generally adopted. 

When steam is the motive power employed in a 
sugar factory newly established, it may ah» be the 
agent selected for the production of heat, should it 
be thought necessary. 

The engravings at the end of the volume, after 
the design of Mr. Harthill, will enable the reader to 
understand more fully than any written description 
could do, the plan and arrangement to be followed 
in the construction of two boiling-honses, capable 
of working off 500 and 1000 tons of sugar respec- 
tively in live months. 
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CHAPTER X. 

CONCLUSION. — QUANTITY OF SUGAK CONTAINED IN SUGAB* 
CANES. — LOSS SUSTAINED FROM THE MEANS NOW EMPLOYED 

IN THE MANUFACTURE OF SUGAR. REMEDIES PROPOSED. 

LABOUR. CENTRAL FACTORIES. — IMPORTATION OF CANE- 
JUICE IN STATE OF A CONCRETE. — MODEL FARMS AND FAC- 
TORIES. — AGRICULTURAL SOCIETIES. 

It has at all times been known to the planter that 
the losses sustained in one way or other in the 
manufacture of sugar have been considerable ; but 
.the sources of those losses, and their real amount, 
were, until lately, subjects on which a very general 
ignorance prevailed. The extensive researches 
which have of late been made in organic chemistry, 
and the application of this department of science 
to the manufacture of sugar, as well as to other 
branches of art which have required its assistance, 
have given us much clearer views on both these 
points than we formerly had; and we are now 
able to arrive at the most accurate conclusions 
respecting the amount of losses sustained, as well 
as furnished with the means, if we choose to avail 
ourselves of them, of discovering the causes which 
produce them. 

It has been ascertained, by experiments* so nu- 
merous and so varied as not to admit of a doubt 
respecting the accuracy of the results obtained bjr 
them, that the stem of the Bugamnne eoi 
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essentially of two elementary portions or divisions, 
the one being the woody fabric or skeleton of the 
plant, the other the fluid contained withia it; and 
that the relative proportions which the two bear to 
each other may be stated in round numbers to be 
ten parts in weight of the former, and ninety parts 
in weight of the latter in every one hundred. 

It has likewise been ascertained that while the 
proportions between these two parts of the plant 
preserve a great degree of uniformity, there is oftea 
found a considerable difference existing in the 
quantities of the respective constituents of the lat- 
ter or fluid portion ; which constituents consist of 
sugar, salts, nitrogenised proximate vegetable prin- 
ciples, and deliquescent matter, held in solution in. 
a large amount of water. 

It has also been ascertained, that the combined 
quantities of all these bodies contained in a given 
amount of cane-juice bears a tolerably close ratio 
to the specific gravity of that fluid ; and also, that 
as the proportion of the other subsbs^nces is always 
small compared with that of the sugar, the density ^ 
of the cane-juice is for all practical purposes a gOQji 
indication of the amount of the latter, which it 
contains. 

It has further been ascertained, that whatever 
may be the amount of saccharine matter contained 
in cane-juice, it is invariably of that kind known 
as crystAllisable or cane-sugar ; and that, if by the 
term molasses be meant a fluid containing any 
other variety of sugar than the above, such a sub- 
stance does not exist in the cane-juice. 



csAP. X. IN SUGAR-CANES. 226 

The molasses are always to be considered as a 
result of the manipulations to which the cane-juice 
has been submitted, so that when that liquid has 
been judiciously treated, the molasses which have 
been obtained constitute merely the mother liquor 
resulting from the crystallization of a portion of 
the sugar; they must, therefore, be composed of the 
other portion of the sugar, and the before-men- 
tioned components of the cane-juice which have 
not been separated by defecation, in a state of 
solution in water; but when, on the other hand, the 
manufacturing processes have been improperly per- 
formed, the molasses will be found to contain other 
matters likewise which have been produced by 
changes induced in the sugar, as glucose, mannite, 
gum, the glucates and melasinates of lime, &c. The 
latter is generally the case in the common molasses 
of the market 

Cane-juice having a specific gravity of 1073, or 
10° Beau me, at a temperature of 60°, contains 18 per 
cent, of solid matter, of which 18, minus about yifuff is 
sugar. At a temperature of 80° the same amount 
of sugar would be indicated by a density somewhat 
below the above; and it may be safely stated without 
exaggeration, that at the degree of heat common to 
tropical countries, cane-juice of this density contains 
fully 18 per cent, of pure sugar. 

Experiments performed for the purpose have 
proved over and over again the trutjh of the above 
statements. They have further shown that the 
density of cane-juice during crop is geoenlly h*" 
than the one given, and that the qui 
16 
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contained in that fluid not unfrequently exceeds 22 
per cent. For the purpose I now have in view, how- 
ever, I shall take the average density of cane-joice at 
10^ Beaum6, and the amount of its sugar at 18 per 
cent. ; and as the old wine gallon is the measure still 
in use in the colonies, I shall retain it in the following 
calculations. 

From the foregoing data it follows that 3000 gal- 
lons of cane-juice of the density of 10® Beaum6 
weigh 25,752 lbs., and that they ought to yield 
4635 lbs. of dry saccharine extract. This is not 
to be considered merely as a theoretical formula, 
or as a result which can be obtained only in the 
laboratory of the chemist; it is one which can like- 
wise be produced on a large scale, and in every 
well-arranged boiling-house. It is true, indeed, 
that the extract which will be produced in the 
latter case will not consist entirely of crystallised 
9ugar, for the small portion which will remain 
when the operation is terminated will form, in con- 
sequence of its combination with a disproportion- 
ately large quantity of saline matter, a crumbling 
mass that rapidly deliquesces on exposure to the 
atmosphere. Nevertheless, the whole of the con- 
tained sugar will be procured. Any one may satisfy 
himself that this is practicable if he choose to take 
the trouble. The experiment will be most con- 
veniently performed at a low temperature, as in 
vacuo; but this plan is not essential, and suffi- 
ciently complete results may be obtained by eva- 
poration and concentration in appropriate vessels 
over the naked fire and in the open air. After 
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defecation the cane-juice is to be concentrated to 
the point that indicates its saturation when boiling; 
the syrup should remain in a state of repose until 
crystallization is completed. The mother liquor, 
when separated, should be concentrated to the same 
point, and the operation is to be repeated until the 
extract obtained will no longer crystallise; the 
latter must be dried at a gentle heat, and then the 
whole must be weighed. The amount will be equal 
to that indicated by the density of the cane-juice. 
The quantity of dry uncrystallisable extract will 
be found to vary at different times, owing to the 
purity of the cane-juice and its freeness from saline 
matter; but, generally, if the experiment be success- 
fully performed it will not exceed five parts in one 
hundred of the whole. 

I do not mention this experiment as a system of 
manufacture to be followed in the boiling-house, 
indeed the difficulties attending its complete per- 
formance during the height of crop would be too 
great, and the benefits that would be derived would 
not be sufficiently remunerative; I mention it only 
as a means by which a planter may satisfy himself 
that the results mentioned above are true, and that 
they may be obtained on a large scale were it ne- 
cessary. I have produced in the way of manufac- 
ture, from cane-juice of a specific gravity of 1073, 
one pound four ounces of beautifully crystallised 
sugar, and three ounces of dry uncrystallised ex- 
tract, from every wine gallon, which is rather more 
than 17 per cent. 
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If the statement made in the foregoing part of 
the book, that the average quantity of cane-juice 
expressed by the mills in the different colonies 
(does not exceed 50 per cent, of the weight of the 
canes be true, it is evident that the quantity of 
canes which now yield 3000 gallons of juice, contain 
in fact 6400, and that, cceteris pariJmSj the amount of 
saccharine extract that they ought to produce should 
be 8343 lbs. instead of 4635 lbs. 

Let it be assumed also that the weight of the 
stems of canes grown upon one acre of land is 30 tons, 
or 67,200 lbs., the quantity of juice (if it be of the 
above density) which they contain is 7P65 wine gal- 
lons, or 60,490 lbs.; and the amount of saccharine ex- 
tract 10,886 lbs., or 4tV0 tons. 

I do not suppose that by any method yet known 
this result could be obtained on a large scale, and 
in the way of manufacture; I give the calculation 
only as a standard whereby we may compare the 
one at present produced, and thus be able to see 
the losses sustained. The portion of the loss alone 
which is not remediable by care and good manage- 
ment is the one that depends upon our imperfect 
means of expressing the juice. But who is hardy 
enough to say that such will always be the case? 
Can no means be invented by which the loss that 
arises from this cause may be prevented? We 
should possess a remedy at once were it satisfactorily 
proved that the process of M. Michiel could perform 
what it promises. 

I have stated that by paying attention to the 
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mill, the quantity of cane-juice may be increased from 
50, the present amount, to 70 per cent; in which case 
the juice produced from 30 tons of canes would be 
47,040 lbs., and the amount of dry saccharine extract 
8467 lbs., or 3yViy tons; which, when the cane-juice 
has a density of 10®, is the one which can always be 
obtained by the means we now possess. 

When we extend our inquiries into the results 
actually obtained in the colonies, such difficulties 
present themselves, owing to the want of data, as 
to prevent our forming an opinion with any thing 
approaching to accuracy. We know indeed that a 
considerable loss is sustained in every case; we 
know, in a great measure, the causes on which the 
loss depends; but of the proportionate extent in 
which each cause separately acts in the production 
of the entire loss we are wholly ignorant. So unsatis- 
fectory is our knowledge respecting colonial statistics, 
that the only conclusions that can be arrived at of the 
, capabilities of a sugar estate, or the work performed 
upon it, are those which are founded upon the gross 
amount of its produce; and this, set against its cur- 
rent expenses, shows the profit or loss for the year — 
the only question of this kind which has yet been 
solved. 

We will, however, apply the little knowledge we 
possess on this truly important subject to two widely 
different and extreme cases. 

Accounts recently received from British Guiana 
state, that at the beginning of the present crop 
3000 gallons of cane-juice were required to miake a 
hogshead of sugar. The hogshead, on its acr 
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in England, weighed 15 cwt., or 1680 lbs. net. It 
is probable, but not stated, that the quantity of 
molasses drained from the sugar was about 12 cwt, 
which — 33 per cent, of water contained — gives 
900 lbs. as their weight when dry ; consequently 
the entire amount of dry saccharine extract avail- 
able for the market was 2580 lbs. Let us suppose 
that the quantity of juice expressed was, as in the 
former cases, 60 per cent, and that an acre of land 
yielded 30 tons of canes, the quantity of juice ob- 
tained from them, therefore, would be 33,600 lbs., 
an.l that of dry extract could not exceed 3500 lbs. 

In Barbadoes it is not uncommon to see an acre 
of canes produce three hogsheads of sugar of 15 cwt, 
net, and a proportionate quantity of molasses. We 
will again suppose, in this case as in the others, that 
the weight of the canes was 30 tons, and the yield 
of the juice 50 per cent, the quantity of juice would 
he 33,600 lbs. ; which gave 5040 lbs. of sugar, and 
three puncheons of molasses — iiny water = 2240. lbs. 
dry molasses ; or a total of 7280 lbs. of dry saccha- 
rine extract 

The following table will enable us to compare, at 
one view, these different results : — No. 1 gives the 
products of 30 tons of canes, presuming the density 
of the cane-juice to be 10° ; that the whole of it has 
been expressed, and that the manufacture has been 
judiciously conducted. No. 2 gives the products 
of an equal weight of canes; the density of the 
cane-juice 10°, the quantity expressed 70 per cent, 
and the manufacture properly performed. No. 3 
shows the products presumed to have been obtained 
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in British Guiana at the commencement of the 
present crop from a similar weight of canes; and 
No. 4 shows the products obtained from an acre of 
canes in Barbadoes, the weight of which is likewise 
presumed to be 30 tons : — 



Weight of 
Canes. 


Weight of 
Juice. 


Weight of 
Extract. 


Amount of Ex- 
tract per 100 
Ibfi. Jifice. 


Amount of Ex- 
tract per 100 
Iba. Cane.. 


30 tons. 


60480 lbs. 


10886 lbs. 


18 


16-20 


30 tons. 


47040 lbs. 


8467 lbs. 


18 


12-6 


30 tons. 


33600 lbs. 


3500 lbs. 


10 


5 


30 tons. 


33600 lbs. 


7280 lbs. 


21-6 


10-8 



Although the data which have formed the basis 
for the calculations in the two last lines of the table 
are as incomplete as they well can be, yet if we 
confine ourselves simply to the inspection of the 
different amounts obtained of saleable extract, and 
of these at least we have sufficient evidence, we 
cannot but express our astonishment. 

The great excess in products which the Bar- 
badoes estate shows over the one in British Guiana 
cannot, I think it will be admitted, be attributed to 
any superiority that the old-fashioned vertical wind- 
mill in use in the former colony has over the well- 
constructed steam-mill of the latter ; neither can it 
be attributed to the greater weight of the canes, for 
it is not probable, if we are to judge from their 
size, that the weight of the canes taken from an 
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acre of land in Barbadoes exceeds 30 tons. It can- 
not be accounted for by the presumption ^tbat 
the Barbadoes sugar-boiler surpasses in skill his 
brethren of Guiana; for if this were the case, and 
there is no reason for supposing so, the quality 
rather than the quantity of sugar would be affected, 
as in both colonies the same system of manufacture 
ii in force. It may be that many causes which we, 
from w»nt of accurate information, may not be able 
duly to appreciate, have been in operation perhaps 
in both instances, tending either towards good or 
towards evil in the results produced by them ; and 
we are compelled to believe that the predominant 
one will be found in the cane-juice — in its richness 
in the one case, in its poverty in the other. If this 
cause be a true one, the specific gravity of the 
cane-juice of the Barbadoes estate must have been 
as high as 1090—1095, or 12° to 13° BeaumS; 
while in that of Guiana it could not have exceeded 
1040, or 5° to 6° Beaum6. 

It therefore follows that in the latter case, pre- 
suming the above supposition correct, the cause 
of loss would be attributable to the injudicious 
custom which, unfortunately, too generally obtains 
throughout the West India colonies, of cutting the 
canes without regard to their fitness for the pur- 
poses for which they are destined. 

It has been explained, I trust in a sufficiently 
intelligible manner, that during the rapid vegeta- 
tion of the cane, the saccharine matter is re-absorbed 
from the cells almost as rapidly as it is deposited in 
them, and is employed for the purpose of nourish- 
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ing the plant, and affording materials for the form- 
ation of its new pslrts. To cut the canes when in 
such a condition indicates either ignorance or care- 
lessness on the part of the person' so doing, for the 
result must necessarily be extremely prejudicial, if 
we regard it only in the light of an economical 
management of the property. It is evident that 
under such circumstances the extract obtained may 
be diminished one-half, while the evaporation re- 
quired, and consequently the quantity of fuel, will 
be in like proportion increased. For instance, let 
it be supposed that the cane-juice is so rich in its 
saccharine constituents as to produce 1500 lbs. of 
crystalline extract, and 600 lbs. of molasses from 
1000 gallons, the amount of evaporation to be 
effected would be about 800 gallons. Whereas, 
were the cane-juice of a quality similar to that 
described in the Guiana estate, that is, were it so 
poor as to yield only the above amount of extract 
from 3000 gallons, the evaporation demanded must 
be equal to 2800 gallons, and the quantity of fuel 
necessary to effect it must be 3i times greater than 
in the former case. But the money loss sustained 
would not be confined to the deficiency of extract 
obtained, or its inferiority in quality ; but it would 
extend through all the operations of cultivation 
likewise. 

Another source of loss, and one which has been 
ascertained with tolerable accuracy, although I be- 
lieve that it has been on the whole undervalued, is 
that which results from the leakage of the sugar 
on shipboard. It would appear from the evidM 
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which we possess respecting it to vary from 10 to 
15 per cent., the average being about 12J per cent 
— in money-value equal to the price of the freight. 
The loss thui^ arising is owing to the deliquescent 
nature of the sugar itself, which depends partly 
upon the retention of a small quantity of saline 
matter, partly upon unskilful manufacture, but 
generally upon the simultaneous action of both 
causes. 

The other causes of loss sustained by the greater 
number of sugar plantations which have hitherto 
been ascertained, I have already alluded to ; a re- 
capitulation of the whole may. however, be useful. 
1. Injudicious cultivation of the canes ; 2. the com- 
mencement and continuation of the crop when the 
canes are unsuited to the purposes of manufacture ; 
3. the imperfect expression of the juice; 4^. un- 
skilful manufacture; 6. leakage on shipboard. 

The loss produced by each of these causes re- 
spectively no doubt varies in every instance, and 
we ha.ve no means by which we can ascertain its 
amount with accuracy ; but the average loss which 
arises from the action of them all conjointly may 
without exaggeration be calculated at cent, per 
cent.; it is often, indeed, as the preceding table 
shows, very much more. 

These causes, it is true, are in general operation 
throughout all the sugar-growing countries, and 
therefore the depressed condition of our colonies 
cannot be attributed exclusively to their existence. 
But a due consideration of them would suggest the 
means of counteracting many of the difficulties 
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incident to the present transition state of West 
India property. 

The first step to be taken for the remedying of 
an evil, is a close investigation of it, so that we 
may thereby arrive at acknowledge of its nature. 
How little in this respect has hitherto been done ! 
It is a subject of such vast importance to the well- 
doing of our sugar-producing colonies, that every 
available means should be adopted with as little 
delay as possible, for throwing upon it the fullest 
and clearest light Every estate should possess a 
book in which should be inserted the chemical 
character of the soil, the mode of cultivation pur- 
sued, the nature and quantity of manure employed, 
the weight of canes produced per acre, their de- 
scription, whether plants, rattoons, age, &c., the 
quantity of juice expressed by the mill, the density 
of that fluid and its other peculiarities, if it have 
any, the amount of sugar and molasses obtained, 
Slc. &c. 

I do not suppose that such a measure could be 
carried out at once, it ought, however, to be com- 
menced immediately, although it be but partially 
so; neither do I suppose that the whole of the 
canes are to be weighed as they come to the mill, 
and the whole of their juice to be measured; but I 
mean that samples taken from the different cane 
fields should be submitted to these trials as fre- 
quently as circumstances will permit, so that both 
the manager and the proprietor may be possessed 
of information approaching to accuracy respecting 
matters in which they are so deeply concemed 
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in the knowledge of which they are at present 
lamentably deficient. 

The colonial planter will probably answer this 
proposal by a statement that the labour which he 
has at his command is inadequate to the calls at 
present made upon it. He may, moreover, in 
answering an appeal made to him with a view to 
encourage any attempt at the amelioration of his 
art (if it is to be accompanied by the sinking of 
additional capital, however small), say, that in the 
state in which he finds himself he can scarcely pay 
the current expenses of his property, and that until 
he can feel assured of sufiicient labour for every 
purpose of his cultivation and manufacture on rea- 
sonable terms, he can neither have courage, nor ia 
spire those who have the ability to assist him with 
confidence, to undertake the outlay of capital which, 
like much that has been already invested, will prove 
fruitless. 

Without questioning the justness of these views, 
for it is evident that confidence in the result must 
be the basis of every investment of capital, it may 
yet be doubted whether, on the one hand, too much 
stress has not sometimes been laid upon the ad- 
mitted deficiency of labour, and on the other, too 
little consideration has been given to the possibility 
of finding a remedy in the adoption of better modes 
of culture, and of improvements in the manufacture 
of sugar, which are demonstrated to be attainable. 
There is at least a great variety in the circum- 
stances of the several colonies. In most of them it 
is perfectly practicable to supersede manual labour 
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to a great extent by the use of the plough and 
other implements employed in Europe. This change 
has indeed already made considerable progress ; but 
any hesitation or delay in adopting so obvious a 
means of economy is quite inexcusable. Wherever 
this substitution can be effected, and it is neverthe- 
less neglected, there can of course be no ground on 
which to rest any argument from a deficiency of 
labour. In some of the colonies, hov^ever, it is not 
everywhere practicable, and one of the most im- 
portant — British Guiana — is from the nature of the 
country at present wholly dependent upon manual 
labour. 

Of all the West India colonies, the last mentioned 
has probably been the most forward in pursuing 
judicious attempts at improvement. A gentleman 
of the highest scientific attainments has been en- 
gaged as agricultural chemist. His first report on 
thorough drainage has just reached this country, 
which, for the mass of valuable information con- 
tained in it, is alike creditable to the perseverance 
and talents of the autber,. and the good sense of the 
inhabitants. Therein is shown the injurious results 
produced in the staple manufacture outing to the 
imperfect system of drainage at present pursued — 
the impossibility of using the plough or horse shoe 
in the cultivation of the soil, the loss in the quan- 
tity of sugar obtained, estimated at one ton per 
acre, and its inferiority in quality owing to the 
superabundance of salt in the soil. A small patch 
of land has been appropriated by the colony for 
testing the improved results expected to be effeeted 
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by the system of covered drains, "but no idea is or 
can be entertained by individual proprietors of 
introducing it on their estates, owing to its great 
expense, solely caused by the present price of 
labour.'' 

Other examples might be given to illustrate the 
urgent necessity of an adequate supply of labouri 
and the impossibility of effecting even the most 
elementary and essential improvements without its 
aid. But it is presumed that, while undue import- 
ance need not be ascribed to the introduction of 
labourers as affording the only means of relief, no 
doubt can be entertained that it is highly expedient 
to encourage a steady and constant flow of immigra- 
tion as being eminently calculated to promote the 
prosperity of the colonies, and prove beneficial to all 
parties. 

The difficulties under which the colonies have 
for years been suffering have given rise to various 
schemes for conducting their cultivation with more 
certainty and advantage. Among the most promi- 
nent of those which have been pressed upon public 
attention are the metaine system and central facto- 
ries. The first was suggested with great confidence, 
and under high patronage, as the most effectual me- 
thod of securing labour and economy, and so deliver- 
ing the planter from all his difficulties. It has long 
since been abandoned as wholly impracticable, and 
requires no notice. 

Latterly the establishment of central factories has 
been urged with more general acceptance. 

-No one will deny that the division of labour, nay, 
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more, its subdivision into as many branches as the 
nature of the manufacture to which this great prin- 
ciple is to be applied will admit of, is, and ever will 
be, one of the great causes of the advancement of 
art. That it is one of the chief sources of all indus- 
trial prosperity and success, is one of those great 
facts established by the evidence and long experi- 
ence of ages. The application of a principle so uni- 
versally admitted to any scheme however chimerical, 
is apt to invest it with a halo of probability which 
before it may not have possessed. And in such 
cases it often happens that our reasons, which may 
be sound and just as regards the principle, are falla- 
cious or futile as regards the object, when placed 
naked before us. 

As the establishment of central factories, and the 
separation of the agricultural from the manufac- 
turing branch of the art of the sugar planter, is a 
scheme which has found many admirers both in this 
country and in the colonies, it merits the fullest con- 
sideration. 

We will, therefore, in the first place, inquire how 
far it is likely to prove of general benefit should it 
be carried out ; in the second place, what local or 
partial benefit would result from it ; and, lastly, how 
far it is likely to benefit its promoters. 

The preliminary step to be taken in these inqui- 
ries is a careful examination of all the advantages 
publicly offered by the various promoters of this 
measure ; and I trust that, in making it, my motives 
may be understood, and that I may give offence to 
none. 

In all the appeals which the promoters of 
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scheme have made to the public for its support 
that I have seen, there are analogies instituted 
which are at best but suppositions. For instance, 
there is a presumption, to a certain extent at least, 
that a similitude exists between the West India 
colonies and Great Britain, so that what might be 
considered as applicable to the one country is 
equally so to the other. The planter and the far- 
mer are regarded as synonymous, differing merely 
in the localities in which they are placed, and the 
nature of the crops that each cultivates. The erec- 
tion of the factories is compared to the establish- 
ment of a corn mill in a district in which every 
farmer was previously forced to grind his own corn. 
We are told that the experiment is not a new one 
in the West Indies, because it has been tried in 
the East. 

These are a few among several other propositions 
recommendatory of the different projects which have 
been publicly brought forward. To those who are 
conversant with the West Indian colonies I scarcely 
need to show how erroneous they are.; but for the 
purpose of arriving at a careful solution of the first 
question proposed for examination, namely,., the 
general benefit which those countries are to de- 
rive from the establishment of central factories, a 
closer examination of the details of the measure is 
necessary. 

In the first place, it is essential that each factory 
shall be situated in the centre of the required num- 
ber of plantations, which must^be not only con- 
tiguous to each other, bjut likewise every one of 
them must be situated within such a distance of 
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the works as to render the transport of the canes 
as easy and inexpensive as possible. In the greater 
number of those islands the estates are separated 
from each other not merely by distance, but by 
lofty and steep mountains of volcanic or primitive 
formation, by rapid rivers subject to frequent over- 
flows, and by valleys or precipitous ravines. From 
these causes difficulties are often presented in the 
formation of good carriage-roads that would appal 
the most adventurous engineer. The roads, were 
they constructed, would require to be kept in re- 
pair, and this must be done in a country where the 
rains of one season would render them again im- 
passable. Who could possibly contemplate the 
erection of a central factory under such circum- 
stances ? 

Unfortunately for the planter, the analogy be^ 
tween him and the European farmer is an ideal one 
only. The crops of the latter, when taken off the 
land, have already assumed a marketable form; 
they do not, as is stated, require the operations of 
the miller to render them so. The business of the 
miller has been created by the demands of the con- 
sumer, and not by those of the farmer,, who has the 
power of exercising a choice as his interest may 
dictate of taking his wheat to the market or of 
storing it in his barn for some future occasion^ 
But the crop of the planter becomes rapidly unpro- 
fitable and worthless unless it be manufactured 
into sugar immediately after it is reaped. It is 
very heavy and bulky, and therefore of difficult 
and expensive carriage^ while its value is snusU 
16 
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compared with that of the extract obtained from 
it The carriage of the canes to the mill is already 
one of the most expensive items in the annual dis- 
bursements of an estate of moderate extent, and when 
the distance to be performed is small — ^what would 
it be were that distance douUed or trebled 2 

The canes ought to be cut when in a state of 
maturity. It will happen that they will arrive at 
this g^ate about the same time on each of the planta^ 
tions which may be connected with the factory. 
Will not the struggles of the different proprietors 
for precedence cause : heartburnings, dissatisfaction, 
and discontent? 

Nothing further need be stated to show that this 
scheme will not confer general benefit to the West 
India proprietors. The establishment of the Victories 
generally would, indeed, be impracticable. 

2. Will their partial establishment prove beneficial 
to those estates which wiU be able to take advantage of 
them ? — ^There are in almost all those colonies certain 
districts where estates are situated in close approxi- 
mation to each other, and where no such physical ob- 
stacles to the construction of ordinary carriage-roads, 
tram-roads, or rail-roads exist. Whether the estab- 
lishment of factories in such places would prove 
beneficial to the surrounding estates is a question 
which it is obvious i^olves itself in one of pounds, 
shillings, and pence. 

That the planter may decide upon accepting or 
rejecting any assumed benefits which may be held 
out to him, it is necessary that be should be ac- 
quainted with their nature as well as with the 
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equivalent which he must give in return. That 
the benefits shall be real and substantial, they must 
consist in giving him either a more valuable product 
than the one he now obtains at the same cost, or in 
giving him one equal in value to that which he at 
present gets at a diminished cost. In no prospectus 
that I have seen are the advantages offered, or the 
equivalent expected in return for them, explicitly 
stated. At the factory at Guadaloupe the planter 
receives 6 lbs. of crystallised extract for every 
100 lbs. of canes. And as it has been proposed 
by the promoters of a similar scheme in this coun- 
try to return for the canes as much sugar as they 
could be made to peld by the ordinary method of 
manufacture, it may be assumed that their terms 
would amount to much the same. In which case 
the excess of extract beyond 6 per cent, would 
be the price to be paid by the planter for the manu- 
facture of his sugar. In other words, the estate 
would have to pay for the cultivation of the soil, 
reaping the crop, and carting the canes to the works; 
that is, that its expenses would remain as they 
now are, those required for manufieicture alone ex- 
cepted, and in return for which 6 lbs. of sugar 
would be obtained for every 100 lbs. of canes pro- 
duced. 

I have already shown that every estate in the 
West Indies, with the means that it at present pos- 
sesses, ought to produce from the canes cultivated 
upon it 12*6 per cent of dry extract Let us, 
however, admit that this is au exiaggecatioQ, {Ond 
that the real product whea di^i iniiddvtatu# 
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8 per cent, which is equivalent to 6 lbs. of eryetalr 
Used sugar and 8 lbs. of the molasses of conunerce 
from every 100 lbs. of canes. In this case, were 
the foregoing arrangement entered into, the 3 lbs. 
of molasses would represent the price that the estate 
would have to pay for the manufacture of the 6 lbs. 
of sugar. 

We will now suppose that an estate is so con* 
ducted that the amount of extract obtained . shall 
observe the above ratio; that the work performed 
daily in the boiling-bouse is 2 tons of sugar, and 
2 puncheons of molasses of 10 cwt each; that five 
labourers are employed at the mill and ten .in the 
boiling-house, at a salary of 2^. each per diem. 
Let 205. per diem additional be added for repair 
of works and other incidental expenses. The aam 
required to make this quantity of sugar and mo- 
lasses would be 2/. 10^., the difference between 
which and the value of the 20 cwt. of molasses 
will, it is evident, show the profit or loss that will 
accrue to the estate by the bargain. The molasses 
may, I think, be fairly estimated at 8s. tlxe cwt, 
consequently the loss to the estate would be 6L 
10s. 

It is presumed that the sugar produced at the fac- 
tory would have a higher marketable value than that 
at present made in the boiling-house of the plantation. 
Such, no doubt, would be the case; but are we to 
suppose that the planter is the only person incapable 
of improvement? . f . 

Indeed one would be almost templed to suppose 
that the advocates for separating tbof cultivfttion of 



CMir. X. CENTRAL FACTORIES. 245 

the cane from the manufactare of its juice into sugar 
entertain the idea that while all other branches of 
industry are daily advancing, the art of the planter 
alone is to remain stationary. 

Unless, therefore, the proprietors of the factory are 
prepared to manufacture for an estate 2 tons of sugar 
and 1 ton of molasses for the sum of 2l lOs.j I do not 
see how even the partial introduction of the measure 
is likely to prove beneficial. 

3. Would the scheme prove beneficial to its promo- 
ters? — In calculating the probability of success 
likely to attend its adoption, that which has fol- 
lowed the establishment of sugar factories in India 
has been alluded to as an example. The com- 
parisoii isj however, an unfortunate one, for the 
latter are in reality refineries similar in every re- 
spect to those in Europe, kaur and ghour (not 
cane-juice) being the materials operated upon. To 
make the analogy between the two schemes an 
accurate one, the central factory of the West Indies 
would be required to refine Muscovado sugar or to 
produce a crystallised extract from molasses or 
syrups. 

The erection of a factory capable of making 1000 
tons of sugar in five months would cost at least 
20,000/., which would entail an annual charge for 
interest, wear and tear of machinery, repairs, &c. 
of 15 per cent., and demanding from this cause 
alone 3/. per ton for all the sugar manufactured. 
The other charges for fuel, labour, clerks, manage- 
ment, &c.| would cost at least 1600^ more. What, 
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it may be asked, woald be the profit to the share- 
holders in such an undertakiDg? 

I confess that in my humble opinion the jNromo- 
tion of this measure by a company got up in 
England would neither ameliorate the condition of 
the proprietors of sugar estates, nor would it prove 
« lucrative speculation to the parties ooncerned 
m It. 

It is probable, however, that central factories 
might be erected with advantage in a few districts 
in the West Indies at the joint expense of the 
owners of the adjoining properties : — where the 
estates are small, where they are contiguous to 
each other, and where the works are inadequate for 
effective manufacture — I can conceive thajt the pro- 
prietors might advantageously throw their Mptr 
rate plantations together, and make of them one 
large estate, in the centre of which the factory 
might be established. A measure of this kind 
would at least have one advantage over the former, 
namely, that it would never be undertaken unless 
it were clearly ascertained to be the interest of the 
parties to do so. 

A measure in some respects resembling this ap- 
pears for a long while to have attracted notice in 
this country, and latterly it has put on a more defi- 
nite form. There are in many of the West India 
colonies estates, which, from a variety of causes, aw 
no longer cultivated, or which are fast ceasing to be 
so. The purchase of some of the more desirable 
portions of these lands, their cultivation in sugar- 
canes, and the erection of appropriate manofae- 
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taring ^tablishments, have been seriously contem- 
plated. Were it well carried out, such a scl^emei I 
believe, would prove lucrative. It is one, however, 
that must be regarded rather in the light of a mer- 
cantile speculation than as a means for ameliorating 
the value of those plantations which are now in ex- 
istence. 

An idea has lately been entertained of importing 
the cane-juice in the form of an inspissated concrete, 
and of completing its manufacture into sugar in this 
country. The only objection to be taken against 
such a project is the present uncertain rate of duty 
to which the cane-juice prepared in this manner 
would be subjected. It is evident thaft if the 
planter were compelled to pay the same duty for a 
substance which would be of less intrinsic value 
than that which he now supplies, it would be his 
interest to continue the present system. But were 
the inspissated cane-juice admitted at such a re- 
duction of the present sugar duties as would 
relieve him without diminishing the revenue, I 
believe that much benefit would result to all par- 
ties by the adoption of such a measure. The 
planter would be relieved from the difficulties that 
the deficiency of skilled labour causes, while he 
would, no doubt (if the concrete were properly 
prepared), obtain a larger amount of extract than 
he now does ; the ship-owner would be benefited, as 
a greater tonnage would then be required; and 
the government, even if the reduction of duty werp 
large, would receive as great, probably a greater 
revenue than at present. A hogshead, holding 
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200 imperial gallons, when filled will contain from 
2800 to 2900 lbs. of syrup in the state in. which 
it is when in the coolers, and of course a still 
greater quantity when the concentration has been 
carried beyond that point; bat this amount, owing 
to leakage and other causes, is reduced to 1680 lbs. 
of sugar, and 600 lbs. of molasses, on arrival in 
this country ; and on this amount only is the duty 
received, which is equal to 12/. If this duty were 
applied to the hogshead of concrete as first potted 
it would amount to about 9^. 3d. per cwt Let i^ 
however, be raised to 9s. 6d. as a guarantee against 
any Ipss of revenue, and the advantages which 
would result to the planter would be very consider- 
aUe. » 

Admitting that this measure were in full ofpen^ 
tion, the planter would still have much to do be* 
fore he has completed the ameliorations expected 
from him. Without at present alluding to other 
matters, he would have to prepare the cane-juice 
in such a manner, that it shall arrive in Britain 
without having undergone any considerable change. 
The different stages of defecation, evaporation, and 
concentration would require to be performed in the 
most effective manner. The boon, although it must 
be admitted it would be a great one,. would be far, 
indeed, from remedying aU the losses at present sus- 
tained. To complete the advantages to be derived 
from the measure, other steps must at the same time 
be adopted. 

The only rational mode of remedying an evil is. 
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in the first place, I repeat, to examine it closely 
and carefully, and having fully ascertained \Yhat is 
wrong, our attempts to rectify it will at least be 
pursued in a right direction. The evils which 
afflict West India property are both numerous and 
very serious. Many of them have been pointed out: 
they have been traced to their origin, and they have 
likewise been shown to be in a great measure easily 
conquered. Others which have not been stated for 
want of sufficient information respecting them doubt- 
less exist also. Cane-juice in some of the colonies^ 
for two months during the season of crop, has a den- 
sity equal to 12° Beaum6, and consequently contains 
twenty-two per cent, of crystallisable sugar. May 
we not inquire why this is not of more frequent oc- 
currence? This question involves others which are 
at present equally unknown, as the nature of soil, 
climate, &c., best suited for the advantageous pro- 
duction of the cane, the quality of manure demand- 
ed, and the system of cultivation that ought to be 
pursued. For we may presume that this plant, 
like many others, may, through the influence of 
cultivation, be caused to furnish one or other of its 
constituent principles in greater quantity than what 
it ordinarily yields. The Silesian beet-root, for in- 
stance, is found, from this cause alone, to contain at 
present a larger proportion of its saccharine consti- 
tuents than it did when first employed for manufao- 
turing purposes. 

The sugar-cane has never been produced from 
seed in the West Indies, it is propagated by cuttings 
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er gemw : plants so raised, as is well known^ beeome 
an time liable to deterioration and duease, and ofiea 
0ntirely disappear. 

There is, indeed, much reason for believing' that 
this change has already commenced in the Boarbon 
and Otaheite cane. Ought we not to inqniret wlie* 
ther this disposition might not be checked, or whether 
m great improvement in the vigour of these plants 
night not be effected, by a change of cuttings fae^ 
tween colony and colony, or even between plantations 
in the same colony ? 

Or would it not be useful to obtain occasionally a 
new stock from the countries which originally pro* 
ducedtbem? 

' These, and other questions of equal importance, 
cannot be answered, for as yet they have, attvaetad 
no attention. 

When we consider the vast interests involved in 
this branch of industry, it is truly wonderful that 
statistical information respecting our sugar plantar 
tions should be so scanty. Here and there, no 
doubt, an individual proprietor may be found who 
lias expressed a desire for knowledge of this kind, 
but the means of accfuiring it hitherto do not 
exist. It must, however, be acquired before we 
can expect to render those countries permanently 
prosperous. 

Surely some measure may be devised for obtain- 
ing the fullest information on these subjects, and 
which may at the same time encourage and pro- 
mote agricultural knowledge and manu&oturiQg 
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skill among the persons employed in those pur- 
suits. Societies composed of the most intelligent 
planters, and others interested in sugar plantations, 
ought to be formed in every colony for the purpose 
of discussing subjects of this kind. The societies 
of the different colonies should be associated by 
the exchange of each other's transactions. To 
render their object as practical as possible, a model 
farm and factory ought to be established in at 
least three different points in the West Indies, at 
which experiments may be performed, and their 
results fully ascertained. Moreover, that these 
societies may be connected as closely as possible 
with the progress of scientific discoveries and in- 
ventions in Europe, a central one ought to be formed 
in London, with which those of the colonies should 
be in frequent correspondence. 

Agricultural societies, it is true, already exist in 
many of the colonies ; but owing to the want of 
reciprocal communication, and to the lack of know- 
ledge which their members possess of the subjecte 
to be discussed^ their efforts have hitherto produced 
little practical benefit, or, if any has been obtained, 
it is confined to the place where it originated. 

Had such a measure as the above been already 
in operation, we should have heard less of the 
pecuniary losses annually entailed by the importar 
tion of costly machinery, which in so many in- 
stances has been abandoned and thrown aside, 
either from its unsuitableness to the purposes 
intended, or from the ignorance of its management 
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fyj those for whose use it was purchased. There 
would also have been more unanimity respecting 
the advantages or disadvantages attending the em- 
ployment of various kinds of manures which have 
at different times been recommended or abused, but 
the introduction of which, it is certain, has not 
unfrequently been attended with great pecuniary 
loss. 

If these suggestions are worthy of adoption, any 
measure based upon them (if we are anxious for its 
successful result) should be carried out fully, ener- 
getically, and with a unanimous conviction of its 
necessity. 

It is probable that many persons owning pro- 
perty in the West Indies may have formed opinions 
widely different from those which I have expressed. 
They may, perhaps, tell us that all the efforts which 
they may make for augmenting the production 
of their estates, or for diminishing its cost, are 
measures which may likewise be adopted by their 
slave-holding opponents; and that consequently 
the result, although it would be a beneficial one 
to the consumer, would confer no advantage on 
themselves. 

They may say that while the disproportion be- 
tween the amount of protection given to their 
products, and the difference of cost between slave 
and free labour, exist, all their attempts at amelio- 
rating their position would prove at best to be 
nugatory. This argument supposes that the slave- 
owning sugar-grower possesses advantages over 
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the British planter, either in the cheapness of his 
labour, or in other respects, which, though not 
clearly made out, nevertheless may be supposed to 
exist. In answer to the first assumption, namely, 
that the labour of slaves is cheaper than that of 
freemen, it may be said that both reason and experi- 
ence have proved its falsity. Labour is the means 
to obtain a purpose, and its expense must be mea- 
sured by the value received from it, and not merely 
by the daily disbursements made in the shape of 
wages. Were a system of husbandry continued in 
the British colonies similar to the one pursued 
during slavery, I admit that slave labour would 
prove to be the cheaper of the two; but were a 
proper and economical method, similar to what we 
see in Great Britain and many other countries, sub- 
stituted for the barbarous employment of the hand- 
hoe, the reverse, I apprehend, would be found 
to be the case. Slavery is a bar to general im- 
provement, and it is principally to habits and 
modes of managing his property, acquired during 
its existence, that the British planter may attri- 
bute his present backwardness. The employment 
of the plough and horse-hoe for instance, will 
never be general in a country where slave labour 
is trusted to for the cultivation of the cane. 
Wherever slavery exists, its numerical force must 
be adequate to all the calls that may be made upon 
it at any one time. Thus if 300 labourers are 
required during crop, this number must be re- 
tained, throughout the whole year; and if they 
are to be fed, clad, and housed, economy demands 
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that employment shall be found for them, and this 
necessarily ire) plies the continuance of the system 
now in force in those countries. In every other 
respect the British planter has unquestionable 
advantages over his foreign competitor — in the 
productiveness of soil inferior to none in the world 
for cultivation of the staple — in the easy command 
of capital — ^in the energetic and liberal assistance 
which he receives from his correspondent at home 
—in the stability of his property, forming part of 
a powerful nation, which is both able and willing 
to protect and defend the integrity of its empire 
— in the great social change that has taken 
place, which has terminated in the content and 
happiness of the peasantry, and which has con- 
verted into defenders of their country those who 
formerly, having nothing to defend, yielded but a 
doubtful or forced allegiance — and in the enterprise 
and perseverance, characteristics of his countrymen, 
which have so frequently caused a brilliant success 
under circumstances far more unfavourable than 
those which now surround him. 

No ! I cannot believe that the present state of 
the British West Indies is a legitimate cause for 
despondency : the means of amelioration are within 
the power of the planter; and I trust that the time 
is not far off, when the prosperity of those colonies 
will be no longer a history that has past. 
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TABLE REPRESENTING THE SPECIFIC GRAVITY OF SOLUTIONS OP 
SUGAR OF VARIOUS STRENGTHS. 
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TABLE OF THE DENSITY OF SOLUTIONS OF SUGAR, ACCORDING 
TO THE SCALE OF BEAUME. 
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REFERENCES TO PLATES. 



Plate I. 

Represents the ground plan and sections of buildings 
and machinery for the manufacture of 500 tons of sugar 
in five months. To render the explanation clear and in- 
telligible, it may be as well to trace the process of manu- 
facture from the cane-mill to the curing-house, by which 
means the uses of the various utensils will be more appa- 
rent. 

When the cane is crushed at the mill, a, the liquor is 
raised (by the juice pumps attached to the mill) and carried 
overhead by spouts, to the clarifiers, c. 

The steam-engine adjoins the cane-mill, and is supplied 
with steam by the boilers, b ; these also supply the clarifiers 
and all utensils connected with the plant which require 
steam. In connection with each set of clarifiers is a double 
set of bag filters, d, through which the liquor is rapidly 
passed into cistern No. 1, and which is seen partially under 
the clarifier platform. From the cistern No. 1, the liquor 
is then passed into the flat-bottomed evaporators, e (by 
means of the monte-jus, f), where it is concentrated to the 
required density. 

The evaporators are of the form and construction already 
described. They may be heated by steam or open fire. 
17 
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When the latter mode of heating is employed, the dotted 
lines and arrows shown in No. 2 explain the direction of 
the flues. 

The liquor being concentrated in them to the given den- 
sity, is then returned to the monte-jus, f, and by it forced 
up to the cistern No. 2, above the six charcoal filters, g, 
and having forced its way through them, it passes into 
cistern No. 3, from which it is run, as occasion may re- 
quire, into the patent pans, h h. 

The charcoal cisterns and filters are here shown, not as 
essentials to a complete plant, but with the view of show- 
ing the arrangement of a plant where they may be con- 
sidered necessary, and where such is not the case, the 
monte-jus, f, will simply discharge the concentrated liquor 
into the cistern No. 3. 

The stills are shown outside of the buildings: they are 
fired from the same stoke hole as the patent pans. The 
third still is mounted with Shears's rectifier, the worm 
passing through a reservoir of water, l, and terminating as 
usual in the rum store. Alongside the patent pans a small 
crank-over-head engine is placed, for the purpose of driv- 
ing the gearing and cylinders of the pans. 



Plate II. 

In this plate the letters and references are the same as 
in Plate I., the plant being adapted for making double 
the quantity of sugar in the same time, viz. 1000 tons in 
five months. The only difference of importance in the 
arrangement is, that a seven-foot vacuum pan, v, is in- 
troduced instead of the patent pans of Plate I. The 
vapour from it passes along the condenser, m, which 
consists of four ranges of copper pipes, having from fifteen 
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to twenty pipes in each range, and water dripping over 
them. 

A small heam engine is shown alongside the vacuum 
pan, for working the air-pump attached to the condenser. 

A second monte-jus is also introduced in this plant. The 
one to throw the clarified liquor from the bag filters to the 
evaporating vessels, the other to land the syrup as it leaves 
the latter vessels into the charcoal cistern. 

It maybe observed, that the evaporating vessels are shown 
with a division in each, so that at the time of skipping a ne- 
cessary quantity of fresh liquor may be retained in the first 
compartment to protect the pan from the action of the fire. 
The liquor is admitted into the second compartment by means 
of a valve. They are also shown in section No. 2, Plate I., 
as being made with shelving sides, which permit of an in- 
creased quantity of liquor being admitted previous to each 
skipping. 



General Remarks. 

The granulating or patent pans in Plate I. being fitted with 
a cock or valve in the bottom, the sugar may be struck into 
caissons, and transferred on a tramway passing under the 
clarifier platform into the curing-house. 

The sugar from the vacuum pan in Plate II. will be 
struck through a spout in the wall, and pass at once into 
the crystallising vessel placed in the curing-house to 
receive it. 

The doorways are shown in various parts of the build- 
ings, but these may be modified to suit local circumstances. 
In both of these designs all the stoke holes are outside of 
the buildings, and one chimney stack serves for all the 
fires. In Plate II. the passage of the flues from the 
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boilers, evaporators, and stills, are dotted in to the 
chimney. 

The boilers will be in both plants worked high pres- 
sure, and if a low-pressure engine is preferred for the cane- 
mill, it must be provided with an expansion valve to cut 
off at J, J, or whatever part of the stroke may be required 
according to pressure. 

If a high-pressure engine is used, the exhausted steam, 
after having heated the water for the boilers, may be made 
to circulate in pipes round the interior of the curing-house, 
so as to improve the granulation and drainage of the sugar, 
by raising and preserving a uniformity of temperature in 
the building. 

The plant in Plate I. is laid down upon a scale of on'e 
eighth of an inch to a foot, and the large plant in Plate II. 
is laid down upon a scale of ^^^ of an inch to a foot. 
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Acids, action of, on sugar, 53 
Acid syrup, 

concentration of, 178 
Albumen, 36 

chemical properties of, 37 
Albuminous syrup, 

concentration of, 178 
Alkaline syrup, 

concentration of, 179 
Alumina, sulphate of, 

used for defecation, 123 

hydrate of, do. do., 124 
Alum, its uses, 122 
Ammonia, 24 
Animal charcoal, 146 

action of, on syrup, 147 

composition of, 148 

antidote to poisons, 147 
Ashes of plants, 43 

abundant in the leaves, 44 
Atmosphere, composition of, 24 
Azotized vegetable principles, 
36 

B. 

Bark of plants, 23 

Bituminous shale, 

charcoal produced from, 150 

Boiling-houses, 

improved construction of, 
219 

Bone, black, vide Animal Char- 
coal. 

Boxes, potting in, 194 



Brame Chevallier's pan, 170 
Branches of plants, 24 
Burnt canes, 81 



Canes, sugar, 

varieties of, 57 

anatomy and physiology of, 

60 
burnt, 81 
to be cut when ripe, 232 

Cane-juice, properties of, 67 
experiments on, 68 
action o^ heat on, 69 
saline matters in, 75 
composition of, 77 
catalytic changes in, 70 
amount of sugar in, 225 

Caramel, 51, 160 

Cases, potting in, 194 

Caseine, 37 

Carbonic acid, 24 

Catalyssis, 40 

Cattle-mill, 109 

constituent of cane-juice, 73 

Cellular tissue, 23 

Cellulose, 30 

Charcoal, vide Animal Charcoal 
— ^Dumont — Peyron — Filter. 

Charcoal from shale and asphalte, 
150 

Chaudiere k bascule, 164 

Chevallier's pan, 170 

Chlorine, action of, on sugar, 53 

Chlorophylle, 24 
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Clarification, 116—131 
Clarifiers, 121 
Claying, process of, 199 
Concentration of syrups, 

by naked fire, 156 

by steam, 165 

in vacuo, 167 
Concentration of acid syrup, 178 

of alkaline do., 179 

other unhealthy, 160 

of molasses, 205 
Coolers, 185 • 

Cooper's curing vessel, 197 
Crystallization, theory of, 183 

of syrup, 189 
Cutting canes, rules to be at- 
tended to, 232 



D. 

Defecation of cane-juice, 112 
purpose of, 114 
methods of, 118 

Dextrine, 28 

composition of, 29 
use of, in plants, 28 
produced from starch, 29 

Diastase, 38 

its effects on solutions of 
starch and dextrine, 39 

Dumont's filter, 153 



E. 

Elm, wild, 128 
Endogenous plants, 23 
Evaporation of cane-juice, 133 
Evaporating vessels, 135 

by steam, 141 
Exogenous plants, 23 



Fermentation, 

varieties of, 43 



Fibrine, vegetable, 

chemical properties of, 37 

action of, on cane-juice, 72 
Filters, bag, 129 

charcoal, 142 

prepared, with rum pun- 
cheon, 154 
Filtration of cane-juice, 

advantages of, 129 
Frost, effects of, on canes, 82 
Fuel, 

megass used as, 105 

coals, 107 



G. 

Gadesden's pan, 171 
Gliadine, 35 
Gluten, 35 
Glucose, 32—118 
Gravity, specific, 

means of ascertaining, in 
fluids, 84 
Green colouring matter, 24 
Gum, 30 

British, 34 

conversion of sugar into, 70 



H. 

Hague's pneumatic pan, 197 
Heat, action of, on sugar, 51 

cane-juice, 69 
employed to defecate, 110 
effects on syrup, 157 
Heater, skipping into, 196 
Hervey, deliquescent matter of, 

66 
Howard's p^n, 167 



K. 

Kneller's pan, 171 



INDEX. 
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Lead, use of, 126 

Lime for defecation, 113, 119 
action of, on cane-juice, 1 17 
glucose, 118 

Liquoring-sugar, 200 
action of, 201 
advantages of, 202 
in pneumatic pan, 203 

Litmus paper, use of, 119 



M. 

Magma, 199—201 

Mannite, 33 

Matter, deliquescent, of Hervey , 

66 
Megass as fuel, 105 
as manure, 105 
Michiel's process, 100 
Mills, sugar, 

varieties of, 103 
require attention, 102 
the whole of the cane-juice 
cannot be obtained by, 
105 
Molasses, 55 

concentration of, 205 
sugar, 

curing of, 209 
Monte-jus, 221 

Motive powers applied to sugar- 
mills, 109 
Moulds, 

potting into, 192 
Mucilage, 30 
Muscovado sugar, 54 



P. 

Plants, anatomy and physiology 
of, 27 
ashes of, 43 



Plants, power of selecting their 
food, 44 

saline, constituents of, 43 
Plant of boiling-house, altera- 
tions in, 216 
Peyron's filters, 154 
Potting, 185 

present mode of, 186 

in moulds, 192 

in cases, 194 

in heater, 196 

in pneumatic pan, 197 
Proof, 174 

appearances of, in syrup, 
175 
Proteine, 

compounds of, 36 

effects of, on saccharine li- 
quids, 42 
Proximate vegetable principles, 

azolized, 85 

non-azotized, 27 
Pump, 220 

R. 

Roots of plants, 23 

functions of, 26 
Reaping crop, 232 



S. 



Sap of plants, 25 
Saline matters in sugar-cane, 43 
in cane-juice, 75 

syrups, 179 
Scum of clarifiers, 68 
Skipping, 184 
Smear, 181 
Spark, 177 

Spongioles, functions of, 25 
Soils, composition of, 

effects of, on canes, 80 
Soubrinan's experiments, 158 
Starch, 

structure of, 29 
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Starch, composition of, 30 
use of, to plants, 30 
conversion of, into dextrine 
and glucose, 29 
into gum, 34 
Steam mill, 111 

for evaporation, 141 
for concentration, 165 
Specific gravity, means of ascer- 
taining, 84 
of cane-juice, 67 
Sugar, varieties of, 31 
o cane, 33 
of fruits, 32 
cane, its sources, 47 

physical properties of, 48 
specific gravity of, 48 
composition of, 49 
catalytic changes in, 50 
eflTects of heat on, 51, 157 

159 
reagents on, 52 
compounds of, 53 
Statistics not attended to, 229 
Syrup, modes of ascertaining 

strength of, 83 
Syruping, 200 
Sulphuric acid, 

action of, on sugar, 53 
employed for defecation, 
125 



Teache present injurious to 
sugar, 161 
improvements in, 162 
Temperature of boiUng syrups, 
157 
of curing-house for sugar, 

193 
of curing-house for molasses 
sugar, 21 1 
Theobroma guazuma, 128 



U. 



Ulmic acid, 52 
Ulmine, 52 



V. 

Vegetable charcoal, preparation 
of, to imitate the action of 
bone black, 151 

Vacuum pan, 167 

Vinegar, 

composition of, 54 
action of, on sugar, 54 

Viscid syrup, concentration of, 
179 

Viscous fermentation, 43 



W. 

Water-power, 110 

Weather, influence of, on canes, 

80 
Wild-elm, 128 
Windmill, 110 
Woody fibre, 23 

composition of, 31 



Yeast, action of, on saccharine 

liquids, 73 
Yield of juice, 102 



Z. 

Zinc, sulphate of, for defecation, 
124 



THE END. 
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fail to find its way to every library of any pretensions.— iVew York Covrier and Engmrer. 



COOPER'S NAVAL HISTORY. 



HISTORY OF THE NAVY OF THE UNITED STATES OF AMERICA, 

BY J. FENIMORE COOPER. 

THIRD EDITION, WITH CORRECTIONS AND ADDITIONS. 

Complete, two volumes iji one, neat extra cloth, 

With a Portrait of the Author, Two Maps, and Portraits of Paul Jokes, Bainbrixkhe, 

Dale, Preble, Decatur, Porter, Perry, and McDonough. 



WRAXALL'S HISTORICAL MEMOIRS. 



HISTORICAL MEMOIRS OF MY OWN TIMES, 

BY SIR N. W. WRAXALL. 

ONE NEAT VOLUME, EXTRA CLOTH. 

This is the work for which, in consequence of too truthful a portraiture of Catherine II., the 
Author was imprisoned and • ' *" 
pressed until aficr his death. 



author was imi)risoned and lined. Taught by this experience, his succeeding memoirs ho sup- 
' "l after L ' • 



WRAXALL'S POSTHUMOUS MEMOIRS. 



POSTHUMOUS MEMOIRS OF HIS OWN TIMES, 

BY SIR N. W. WRAXALL. 

• IN ONE VOLUME, EXTRA CLOTH. 

This work contains much secret and amusing anecdote of the prominent personages of the day, 
wliich rendered its posthumous publication necessary. 



LEA AND BLANCHARD'S PUBLICATIONS. 

WALPOLE'S LE TTERS AND MEMOIRS. 

THE LETTERS OP HORACE WALPOLE, EARL OF ORFORD, 

CONTAINING NEARLY THREE HUNDRED LETTERS. 

NOW FIRST PUBLISHED FROM THE ORIGINAL^, AND FORMING AN UNINTERr 

RUFTED SERIES FROM 1735 TO 1797. 

In four large octavo volumes, with a portrait of the Author. 



SUPPRES SED LETTERS, 

THE LETTERS OF HORACE WALPOLE, EARL OF ORFORD, 

TO SIR HORACE MANN, FROM 1760 TO 1785. 

NOW FIRST PUBLISHED FROM THE ORIGINAL MSS. 

In two octavo volumes, to match the above. 

WALmrlllm^ 

MEMOIRS OF THE REIGN OF KING GEORGE THE THIRD, 

BY HORACE WALPOLE. 

NOW FIRST PUBLISHED FROM THE ORIGINAL MSS. 

EDITED, WITH NOTES, 

BY SIR DENIS LE MARCHANT. 

These Memoirs comprise the first twelve years of the reign of 6eoi:ge III. ; and recommend 
themselves especially to the reader in this country, as containing an account of the early troubles 
with America. They form a sequel to the ^ Memoirs of George the Second," by the same author. 

HISTORY OF THE HUGUENOTS— A NEW EDITION, 

CONTINUED TO THE PKESENT TIME. 

BY W. S. BROWNING. 
In one large octavo volume, extra cloth. 

** One of the most interesting and valuable oontribatioos to modem histarj."—Omtkman*sMa{fa- 
siae. 

" Not the least interesting portion of the work has reference to the violence and pemcutions 
of 1815."— lYwe*. 

INGERSOL L'S LA TE WAR. 

HISTORICAL SKETCH OF THE SECOND WAR BETWEEN 

THE UNITED STATES OF AMERICA AND GREAT 

BRITAIN, DECLARED BY ACT OF CONGRESS, 

JUNE 18, 1812, AND CONCLUDED BY 

PEACE, FEBRUARY 15, 1815. 

BIT OHABI.es J. UrGEBSOZ.!.. 

One volume octavo of 516 pages, embracing the events of 1812 — 1813. 
Beautifully printed, and done up in neat extra cloth. 

MEMORANDA OP A 5ESIDEN0E AT THE COURT OF LONDON, 

COMPRISING INCIDENTS OFFICIAL AND PERSONAL, FROM 1819 TO 1625; 

nrCUTDlKO JIXaOTIATIONS ON TUB OREGON aUESTIOM, AND OTHER 17N8BTTIXD RELATKUIS 
BETWEEN THE UNITED STATES AND GREAT BRITAIN. 

B? BZOHABD BUSH, 

Envoy Extraordinary and Minister Plenipotentiary from the United States, from iJ17 to 1825. 
In one large and beautiful octavo volume, extra cloth. 



LEA AND BLANCHARD*S PUBLICATIONS. 

N I EBU HR^S ROME. 

TBB HZSTOBir OF BOMB. 

BY B. G. NIEBUHR. 

COMPLETE IN TWO LABQE OOTAVO VOLUMES. 

Done up in extra cloth ; or five parti, paper, price $1.00 each. 

The last three partR of this ralaahle book hare nerer before been published hi this comitrjr, hav- 
tnf only lately lH*en print«»(l in Germany, and translated in England. The two last of these com- 
prise iTofessor Niubuhr's I>ecturea on the latter part of Aonian History, so long lost to the world. 

" It w on anoxp^Ttwl snrprise ami plcosnre to the admirers of Nlebnhr— that is, to all earnest stu- 
dents of ancient history— to recover, as from the grave, the lectures before va."— Eclectic Revkw. 

** The worid haa now in Niehuhr an imperishable moAeV'-'Edinburgh Revkw, Jan. 1844. 

''Here we close onr remarks npon this memorable work, a work which, of nil that have appeared 
in our acre, is the best fitted to excite men of learning to intellectual activity : from which the moat 
accomplLshe<I schohir may feather fresh stores of knowledge, to which the most experienced politi- 
cian may rdsort for theoretical and practical instruction, and wliich no person can read as it oog^t 
to l>e read, without feclinc^ the better and more generous sentiments of uis common human nature 
enlivened and hrengthened."—Edi}tbitrgh Rmriew. 

" It is since I saw yon that 1 have been devouring with the most intense admiration the third 
volume of Niebuhr. I'he clearness and comprehensiveness of all his military details is a new 
feature in that woitderful mind, and how intmitablj beanilful is that brief account of Term. "—D^*. 

Arnold (Life, vol. ii.) ,s,>,^^N^^,w»-^,,s,.~N,v^^,N,^*^^^.^^^^>^^->,,^^,s,.,^ 

PEOFESSOR RANK ERS HI STORICAL WORKS. 

HZSTOBir OF THB VOPBS, 

TIIEIR CHURCH AND STATE, IN THE SIXTEENTH AND SEVENTEENTH CENTURIES. 
BT I.EOPOLD RANKE. 

TRANSLATED FROM Tin! LAST EDITION OF THE UERMAIT. BY WALTER S. KELLT, ESQ.. B. A. 

In two parts, paper, at $1.00 each, or one large volume, extra cloth. 

"A book extraordinary for its learning and impartiality, and for its Just and liberal views of the 
times it describes. Tiie best compliment that can be paid to Mr. Ranke, is, that each side has 
accused him of partiality to its opponent: the German Protestants complaining that his work is 
written in too Catholic a spirit ;— the Catholics declaring, that generally impartial as he is, it is 
clear to perceive the Protestant tendency of the history."— -Iiondon Tijnet. 

m THE SIXTEENTH CENTURY AND BEGINNING OF THE SEVENTEENTH, 
B7 PROFESSOR LEOPOLD RANKE. 

T&AKSLATKD FROM THE LAST EDITTO» OF THE GERMAIT, BY WALTER K. KELLT, ESQ. 

Complete in one part, paper, price 75 cents. 
This work was published by the author in connexion with the " History of the Popes," under 
the name of "SoTereigns and Nations of Southern Europe, in the Sixteenth and Seventeenth Cen- 
turies." It may be used separately, or bound up with that work, for wliich purpose two titles will 
be found in it. 

HZSTORV OF THIS RI!F0R1VIATZ017 117 GZSBXXAK'7, 

BY PROFESSOR LEOPOLD RANKE. 
PARTS FIRST, SECOND AND THIRD NOW READY. 

TRANSLATKD FROM THE SECOND KPITION, BY SARAH AU6TIW. 

To he completed in Five parts, each part containing one volitmc of the Ijondon edition. 
Few modern writers posjiess such qualifications for doinsr justice to so great a subject as I/jo- 
pold Ksmke.— Ii)d(!faiig;ible in exertions, he revels in the toil of examining archives and state 
papers: honest in r'irF«'se. he shapes his theories from evidence; not like D'Anbipne, whose 
romance of the Kcforniation selects evidence to support preconceived theory. Konke never forgets 
the statesman in the theologiun, or the historian in the partisan." — Athcnautn. 

BROUGHABK ON THIS FREITCH RZ!V0I.UTI02r. 

One volume 12mo., paper, price 50 cents. 

STUDIES OF THE LIFE OF WOMAN. 

FROM THE FRP:NCH OF MADAME NECKER DE SAUSSURE. 
In one neat 12mo. volume, fancy paper. Price 75 cents. 



THE EDUCATION OF MOTHERS; OR, CIVILIZATION OF 
MANKIND BY WOMEN. 

FROM THE FRENCH OF L. AIME MARTIN. 
In one 12mo. volume, paper, price 75 cents; or in extra cloth. 



LEA AND BLANCHARD'S PUBLICATIONS. 

SMALL BOOKS ON GREAT SUBJECTS. 

A SEBIES OF TVORKS 

WHICH DESERVE THE AITENTION OF THE PUBLIC, FROM THE VARIETY AND 

IMPORTANCE OF THEIR SUBJECTS, AND THE CONCISENESS AND 

STRENGTH WITH WHICH THEY ARE WRITTEN. 

They form a neat ISmo. series, in paper, or strongly done up in three neat volumes, extra doth. 

THERE ARE ALREADY PUBLISHED, 
No. L-PHILOSOPHICAL THEORIES AND PHILOSOPHICAL EXPERIENCE. 

2.— ON THE CONNEXION BETWEEN PHYSIOLOGY AND INTELLECTUAL SCIENCE. 
3.— ON MAN'S POWER OVER HIMSELF. TO PREVENT OR CONTROL INSANITY. 
, 4.— AN INTRODUCTION TO PRACTICAL ORGANIC CHEMISTRY, WITH REFER- 
ENCES TO THE WORKS OF DAVY, BRANDE, LIEBIG, Ac 
5.— A BRIEF VIEW OF GREEK PHILOSOPHY UP TO THE AGE OF PERICLES. 
6.— GREEK PHILOSOPHY FROM THE AGE OF SOCRATES TO THE COMING OP 

CHRIST. 
7.— CHRISITAN DOCTRINE AND PRACTICE IN THE SECOND CENTURY. * 
8.— AN EXPOSITION OF VULGAR AND COMMON ERRORS, ADAPTED TO THE YEAR 

OF GRACE MDCCCXLV. 
9.-AN INTRODUCTION TO VEGETABLE PHYSIOLOGY, WITH REFERENCES TO 

THE WORKS OF DE CANDOLLE, LIXDLEY, &c 
10.-ON THE PRINCIPLES OF CRIMINAL LAW. 
11.— CHRISTUN SECT'S IN THE NINETEENTH CENTURY. 
12.— THE GENERAL PRINCIPLES OF GRAMMAR. 
" W« are glad to find that Messrs. Lea & Blanchund are reprinting:, for a quarter of tkeir original 
price, this admirable series of little books, virhieh have justly attracted so much attention in Great 
Britain."— G'roAtuR'A Magazine. 

" The writers of these thoughtful treatiaoa are not labourers for hire ; they are »en who have 
stood apart from the throng, and marked the noovements of the crowd, the tendencies of society, 
its evils and its errors, and, meditating upon them, have given their thoughts to the thoughtful."— 
London Critic. 

" A series of little volumes, whose worth is not at all to be estimated by their size or<priee. They 
are written in England by scholars of eminent ability, whose design is to call Che attention c^ the 
pubUc to various important ti^ucs, in a novel and accessible mode of publication.^— 2V. Y, Uorm»0 

NOM. 



MACKINTOSH'S DISSERTATION ON THE PROGRESS 
OF ETHICAL PHILOSOPHY, 

WITH A PREFACE BY 

THE REV. WILLIAM WHEWELL, M. A. 
In one neat 8vo. vol., extra cloth. 

OVERLAND JOURNEY ROUND THE WORLD, 

DURING THE YEARS 1841 AND 1842, 
BY SIR GEORGE SIMPSON, 

GOVERNOR-IN-CHIEP OF THE HUDSON'S BAY COMPANY'S TERRITORIES. 

In one very neat crown octavo volume, rich extra crimson cloth, or in two 
parts, paper, price 75 cents each. 

"A more valuable or inctructive work, or one more full of perilons adventure and hextrfc enter- 
prise, we have never met with."— JoAn Bull. 

** It abouada with details of the deepest interest, possesses all the diarms of an ezdtmgr romance, 
uiii ftimishes an immense mass of valuable informatioo."— in^iMrcr. 



LEA AND BLANCHARD'S PUBLICATIONS. 



UNITED STATES EXPLOR ING EXPEDITION. 

THE NARRATIVE OP THE 

UNITED STATES EXPLORING EXPEDITION, 

DURING THE YEARS 1838, *39, *40, 41. AND «43. 
BT CHARLB8 1VILKB8, B 8 <^, U.S.N. 

COMMAKDBR OP THE BXPEDITIOIT. ETC. 

PRICE TWENTY-FIVE DOLLARS. 

A New Eitltfon, tn Five Medium Octavo Volumes, neat Extra Cloth, partienlarlydoiie 

up with reference to strength and continued use: containing TwbnttSix Hum* 

DRED Pages of Letter-pressi Illustrated with Maps; and about Three 

HmwRED SpLBNBin Engravings on Wood. 
PRICE ONIiT TTVO DOLI.ARS A VOI.UXIfl[E. 

Thomrti offered at a prire so low, this is the complete work, containiTiR all the letter-prcsa of the 
edition printed for CongresB, with some improvenients suggested m the coarse of passing the woiic 
aRsin through the press. All of tlie wood«cat illustrations are retained, and nearljr all the maps ; 
the lane steel plates of the quarto edition being omitted, and neat wood-cuts substituted for fortr- 
seven ^eel vignettes. It is printed on Une paper, with large type, bound in very neat extra cloth, 
and forms a beautiAil work, with its very numerow and appropriate embellishments. 

The attention of persons forming libraries is especially directed to tliis work, as presenting the 
novel and valuable matter accumulated by the Expedition in a cheap, convenient, and readable form. 

SCHOOL and other PUBLIC LIBRARIES should not be without it, as embodying the results of 
the First Scientific Expedition commissioned by our government to exfion f<B^eign regions. 

" We have no hesitation in saying that it is destined to stand among the most endwing mono- 
ments of our national literature. Its contributions not only to every department of sciaace, but 
every department of history, are immense ; and there is not an intelligent man ia the cotnmunitT— 
no matter what may be his taste, or hi& occupation, but will find something here to enlighten, to 
gratify, and to profit lam."— Albany ReUgiouM Spectator. 



ANOTHER EDITION. 
PRICE TWENTY-FIVE DOLLARS. 

IN FIVE MAGNIFICENT IMPERIAL OCTAVO VOLUMES; 

WITH AN ATLAS OF LARGE AND EXTENDED MAPS. 
BEAUTIFULLY DONE UP IN EXTRA CLOTH. 
This truly frreat and National Work is issued in a style of superior magnificence 
and beauty, containing Sixty>four large and finished Line Engravings, embracing 
Scenery, Portraits, Manners, Customs, &c., &c. Forty-seven exguisite Steel Vignettes, 
worked among the let'ter-press ; about Two Hundred and Fifty finely-executed Wood- 
cut Illustrations, Fourteen large and small Maps and Charts, and nearly Twenty-six 
Hundred pages of Letter-press. 



ALSO, A FEW COPIES &TILL ON HAND. 

THE EDITION PRINTED FOR CONGRESS, 

IN FIVE VOLUniES, AND AN ATLAS. 

LARGE IMPERIAL QUARTO, STRONG EXTRA CLOTH. 

PRICE SIXTY DOLLARS. 



JUST ISSUED, 

THE ETHNOGRAPHY AND PHILOLOGY OF THE UNITED 
STATES EXPLORING EXPEDITION, 

UNDER THE COAfMAND OP CHARLES WILKES, ESQ., U. S. NAVY. 
BT HORATIO HALK» 

rniLOLOoisT to the expedition. 

In cme large imperial octavo volume of nearly seven hundred pages. With two Klaps, printed to 

match the Congress copies of the " Narrative." 

Price TEN DOLLARS, iu beautiful extra cloth, done up with great strengtb. 

*»*This is the only edition printed, and but few are ofEered for sale. 

The remainder of the scientific works of the Expedition are in a state of rapid progress. The 
volume on Corals, by J. D. Dana, Esq., with an Atlas of Plates, will be shortly ready, to be fol- 
lowed by the others. 



LEA AND ELANCHARD'S PUBLICATIONS. 



DQK QUIXOTE-ILLUSTRATED EDITION. 

NOW READY. 



BON QUIXOTE DE LA MANCHA, 

MIGUEL PE CERVANTES SAAVEDRA, 

BY CHABI^ES JARVIS, £SQ. - 

CAHETULLY JlirvlSED AA^D COFSECTED. WITH A JfEMOlR OF THE AITTHOR ANU A 
NO-nCfi OF HIS WOJIKS. 

WITH NUMEROUS ILLUSTRATIONS, 

BY TONY JOHANNOT* 
In iwo beauiiftilly ptinted vu^uxues, cmwii oetavci^ ridi extra ej-iauon clo^ 




Thd pQbUslifln BFs huppy la preseptim; to Uu a«]tniren o( Don Quifiote ttn editiDB of itiat work 
in Kime degrse worttiiy of in nt(autati(jtn oikI popuimHy. TUe vmat of sucb a, oub bQ4 long been felt 
in Uiiir doiuitry, Bod in prennitlns Uiis^ they have only to erpresg tbeiir hupe that it mhf meet tha 
tiuiELflrtitu demtuxli and inijuiriMu The tnuuLitiua ii that by Juris, wbldi a KClicnowlKJgBd lupA' 
rior in boUi fow^ aiul jfdeUt^r to lUI ^AhsTt. it bai in somB fc w iiutwcea bcon il igJitiy aJtared tp b^npt 
it bfiLLar to iziodBni readeis, or osmmnD^ly to tuit it tv Uu inimitable dtaiETnit d Tony Johaatitft 
Tb(H» ME«r Are admitted to bs tha o&Ey vuijcenrnl jiictoriol Ajcponentt of thfl wit Lml biuitur of 
Cerrantev, nDtl i chojiM k«l5ClJoti of them hava tK«ii «iifretived tn tha bait mariner. A copioufl 
m&ima at ihs antbor and kii worka bgs b«en ulded by tiLo editor. The Toliunea art priniei] in 
iaji^ cOaar t|p«, on Abb paper, uul hcndscKmiely Ijoiind, and tha wliole it rainM^uUj' oOeredl u 
wvfthf t]i« appitibatiaii of all reidftn of tbla imperiibable foniaac*. 



\ 



LEA AND BLANCHARD'S PUBLICATIONS. 



L 



PICCIOLA. 

IIiIiXTSTBATED EDITION. 



PICCIOLA, THE PRISONER OF FENESTRELLA; 

OR, CAPTIVITY CAPTIVE. 
BT X. B. SAINTINE. 

A KEW EDITION, WITH ILLUSTRATIONS. 

In one elegant duodecimo yolame, large type, and fine paper ; price in fhncy covers 
50 cents, or in beautiful extra crimson cloth. 

" Perhaps the most beaotifal and touching work of fictiim ever written, with the exception rf 
rndme.'»--U«M. ^^ 

" The same pnbUshers have shown their patriotism, common sense, and good taste by patting 
forth their fourth edition of tiiis woric, with a set of very beautiful engraved embellishments. There 
never was a book which better deaerved the compliment. It is one of greatly superior merit to 
Paul and Virginia, and we beheve it is destined to surpass that popular work of St. Pierre in popo- 
larity. It is better suited to the advanced ideas of the present age, and possesses peculiar moral 
charms in which Paul and Virginia is deficient St. Pierre's work derived its pi^ularity from its 
bold attadc on feudal prejudices; Saintine's strikes deeper, and assails the secret inftdeuty which 
is the bane of modem soRiety, in its stronghold. A thousand editions of Picdola will not be too 
many for its merit"— Zody's jBo<^ 

** This is a littles 
and plot of this trul. 

who rely on works of fiction for their intellectual food, may always &id tluMe as pure in language 
and beantifbl in moral as Picciola."— iVno York Review. 

** The present edition is got up in beautiful style» with illustrations, and reflects credit upon the 

Sblisliers. We recommend to those of our readers who were not fortunate enough to meet with 
xsiola some years ago, when it was first translated, and for a season all the rage, to lose no time 
in procuring it now— and to those who read it then, but do not possess a copy, to embrace the op- 
p(»tanity of supplying themselves from the present very excellent edition."— &i<ur(2(^ E9etwig Post. 
" A new edition of this exquisite stoiy has recently been issued by Messrs. Lea & Blanehard, 
embellished and illustrated in the most elegant manner. We understand that the work was com- 

Bletely out of print, and a new edition will then be welcomed. It contains a delightful letter from 
le author, givinga painful insi^ into the personal lustoiy of the characters who figure in the 
story."— Eveni$»glSuUetin. 
**The meet diarming work we have read for many a Aay.'^—BickmoHi Enguttr. 



I is a little gem of its kind— a beautiful conceit, beantifully unfolded and applied. The style 
t of this truly charming story refiuire no criticism ; we will only express the wish that those 
ly on worlcs of fiction for their intellectual food, may always find tluMe as pure in language 



LOVER'S BORY O'MORE. 

BOBTT O'aSOBS-A Jft JLTlOJft JLIm BOKAXTOS, 

BT SAMUEL LOVER. 

A new and chei^ edition, with Illustrations by the Author. Price only 25 cents. 

Also, a beautiful edition in royal ]2mo., price 50 cents, to match the following. 

*'A truly Irish, national, and diaracteristic tUxy."— London JMerary Gazette. 

" Mr. Lover has here produced liis best work of fiction, which will survive when half the Irish 

sketches with which the literary world teems are forgotten. The interest we take in the varied 

adventures of Rory is never once suffered to abate. We welcome him with liigh delight, and 

part from him with regret"— Xondon .Sun. 



M<.«>M/>A/«/SAi>>/W>/«^AMM^^%A^SM«SM^^^^^Wt 



LOVER'S IRISH STORIES. 

IiBOBXVBS AXVB STOBXS8 OF IBBIiAXTB, 

BY SAMUEL LOVER. 

In one very neat 12mo. volume, fine paper, extra cloth orfan^ paper, 

With Illustrations oy the Author. 



LOVER'S SONGS AND BALLADS, -• 

INCLUDING THOSE OF THE "IRISH EVENINGS.'* 

In one neat 12mo. volume, price 25 cents. 

notAasTON, 

OR THE MEMOIRS OF A STATESMAN AND SOLDIER. 

BY THE REV. GEORGE CROLY, 
Author of *• Salathiel," •* Angel of the World," Ac. 
In one octavo volume, paper, price fifty cents. 
"A work of high character and absorbing interest"— Neu Orieaus Bee, 



LEA AND BLANCHARD'S PUBLICATIONS. 

BIOGRAPHY AND POETICAL REMAINS 

OF THE LATE 

aCABOABBT XSIXiIiSB BAVXDSOXT. 
BY WASHINGTON IRVING. 

A NEW EDITION, REVISED. 



POETICAL REMAINS 

OF THE LATE 

XiVOBBTZA SSABXA BAVIBSOIT. 

COLLECTED AND AARAN6ED BY HER MOTHER, WITH ▲ BIOGRAPHT BY 

MISS SEDGWICK. 

A VXW XBITIOir, KEVIftSO 



SELECTIONS FROM THE 

, WRITINGS OF MRa MARGARET M. DAVIDSON, 

VHS MOTHER SP UJCBETIA AlTD MABOASBT. 

WITH A PREFACE BY MISS SEDGWICK. 

The aboTtt three works are done «p to match in a neat dnodeoimo fbnn, fluuqr paper, price iOf 
oentceacli{ or iaeztradoth. 

THE LANGUAGE OF FLOW.ERS, 

WITH ILLUSTRATIVE POETRY; TO WHICH ARE NOW ADDED THE 
CALENDAR OF FLOWERS, AND THE DIAL OF FLOWERS. 

BBVENTH AKBBICAK, PROK THC NINTH LONDON EDITION. 

Revised by the Editor of the "Forget-Me-Not." 
fa one veiy neat IBmo. vdume, extra erioMim cletk, gilt Witb eiz oolorad Flatee. 



CAMPBELL'S POETICAL WORKS, 

THE ONLY COMPLETE AMERICAN EDITION. 

WITH A MEMOIR OF THE AUTHOR BY IRVING, AND AN 
ESSAY ON HIS GENIUS BY JEFFREY. 

In eaateMtifticHcowiiodMro volume, extra cloth, or calf gilt: withaPoxtraitnndUTtBtei. 



KEBLE'S CHRISTIAN YEAR, 

EDITED BY THE RIGHT REV. BISHOP DOANE. 

Miniatwe Edition, in 32mo., extra doth, with Dhiminated TiOe. 

RELiGIO MEDICI, AND ITS SEQUEL, CHRISTIAN MORALS, 

BY SIR THOMAS BROWNE, KT., 

WITH RESEMBLANT PASSAGES FROM COWPER'S TASK. 
In one neat Hno. volume. 



HEMANS'S COMPLETE POETICAL WORKS, 

IN SEVEW VOLUMES, ROTAL 12U0., PAPER OR CLOTH. 

ROGERS'S POEMS, 

ILLUSTRATED, 
IK ONE IMPERIAL OCTAVO VOLUME, EXTRA CLOTH OR WBITB CALF. 



LEA AND BLANCHARD'S PUBLICATIONS. 

DICKENS'S WORKS. 

VARIOUS EDITIONS AND PRICES. 



CHEAPEST EDITION IN NINE PARTS PAPER, 

AS FOLLOWS: 

THE PICKWICK PAPERS, 1 large vol. 8to., paper, price 50 cents. 
OLIVER TWIST, 1 vol. 8vo., paper, price 25 cents. 
SKETCHES OF EVERY-DAY-LIFE, 1 vol. 8vo., paper, price 37i cents. 
NICHOLAS NICKLEBY, 1 large vol. Svo., paper, price 50 cents. 
THE OLD CURIOSITY SHOP, 1 vol. 8vo., paper, with many Cuts, 

price 50 cents. 
BARNABY RUDGE, 1 vol. 8vo., with many Cuts, price 50 cents. 
MARTIN CHUZZLEWIT, 1 vol. 8vo., with plates, price 50 cents. 
CHRISTMAS ST0RIES.~Th« Carol, The Chimbs, Thb Ckicket ok 

THE Hearth, and The Battle of Life — together with Pictures from 

Italy, 1 vol. 8vo., price 37^ cents. 

DOMBEY AND SON, Part I., to be completed in Two Parts, price 25 
cents each. 
Forming a neat and uniform Edition of these popular works. Any woik sold a«paratelf . 



A UNIFORM AND CHEAP EDITION OF 

DICKENS'S NOVELS AND TALES, 

' ZN THREE LAROE VOLUMES. 



THS XVOVBZ.S JUBTB TAZ.E8 OF OHAHIiBS BXOKEXVS, 

(BOZ,) 
In Three large and beantifUI Octavo VolumeB, done up in Extra Cloth, 

CONTAINING ABOUT TWENTY-TWO HUNDRED AND FIFTY LARGE DOUBLE 

COLUMNED PAGES. 

PRICE FOR THE WHOLE, ONLY THREE DOLLARS AND SEVENTY-FIVE CENTS. 

The frequent inquiries for a uniform, conipact and good edition of Boz'a works, have induced the 
publishers to prepare one, which they now offer at a price so low that it should cominand a very 
extended sale. It is print*<l on fine white paper, with good t3rpe, and forms three large volumes, 
averaging about seven hundred and fifty pages eacli, done up in various styles of extra cloth, making 
a beautiful and portable edition.— Some of the works are illustrated with Wood Engravings. 

This Edition comprehends the first seven parts, and will be completed with the issue of the 
Fourth Volume, on the completion of "Dombey and Son," now in progress of publication, con- 
taining that work, the " Christmas Stones," oud *' Pictures from Italy." JPurcliaBers may thus rely 
on being able to perfect their sets. 

ALSO, AN EDITION PROFUSELY ILLUSTRATED WITH 

ONE HUNDRED AND THIRTY-FOUR PLATES, AND ONE 
HUNDRED AND FORTY WOOD-CUTS. 

In Imperial octavo, extra cloth, on fine white paper. 

UJ" The above are the only Complete and Uniform Editions of Dickens's Works now 
before the public. 

NOW PUBLISHING, 

DOmiBEY AND SON. 

FINE EIMTiaN. 

In twenty numbers, price 8 cents each, with two illustrations by Hablot 

K. Browne in each number. 
This is the only editicm which presents the plates accompanying the text to which they refer. 



LEA AND BLANCHARD'S PUBLICATIONS. 

SELECT WORKS OF FIELDING AND SMOLLETT, 

Printed in « neat and uniform style, to match the cheap edition of Dickens's Works* 

SELECT WORKS OF TOBIAS SMOLLETT, 

WITH A MEMOIR OF HIS LIFE AND WRITINGS, 
BY SIR WA]|iT£R SCOTT. 

THIS EDITIOW contains: 
THE ADVENTURES OF RODERICK RANDOMS Price tweoty-five cents. 
THE ADVENTURES OF PEREGRINE PICKLE. Price fifty cents. 
THE EXPEDITION OF HUMPHREY CLINKER. Price twenty^five cents. 
THE ADVENTURES OF FERDINAND COUNT FATHOM. Price twentf4be cents. 
THE ADVENTLTIES OF SIR LAUNCELOT GREAVES, THE HISTORY AND ADVENTURES 
OF AN ATOM, AND SELECT POEMS. Price twenty-five esnts. 

^ Or, the wliole done «p in one very large octavo volume, extra cloth. 



SELECT WORKS OF HENRY FIELDING, 

WITH A MEMOIR OF HIS LIFE AND WRITINGS, 
BY SIR WALTER SCOTT, 

AND AN ESSAY ON HIS LIFE AND GENIUS, 

BY ARTHUR MURPHY, ESQ. 
THIS EDITION CONTAINS: 
TOM JONES, OR THE HISTORY OF A FOUNDLING. Price fifty cents. 
THE ADVENTURES OF JOSEPH ANDREWS, AMD HIS FRIEND MR. ABRAHAM ADAMS. 

Price fifty cents. 
AMELIA. Price twenty-five «ent8. 

THE LIFE OF JONATHAN WILD THE GREAT. Price twerity-fire cents. 
Or, the whole in one large octavo volume, extra clotii. 



COOPER'S N OVELS AND TALES, 

A UNXFOaim EDITION, 

IN TWENTY-THREE LARGE DUODECIMO VOLUMES, 

WELL BOUND IN SHEEP GILT, 

Forming a beautiful series, each volume comprehending a noveL 

AI.SO, A OHSAP EDITION, 

IN FORTY-SIX VOLUMES, DUODECIMO 

DONE UP IN NEAT PAPER COVERS. 

Price only twenty-five cents a volume, each work in two volumes. Any novel 
sold separate. 

compsxszng: 

THE SPY— THE WATERWITCH-HEIDENMAUER— PRECAUnON^HOMEWARD BOUND 
—HOME AS FOUND-THE LAST OF THE MOHICANS— THE HEADSMAN— THE TWO 
ADMIRALS— THE PIONEERS— THE PILOT— LIONEL LINCOLN- THE PATHFINDER— 
THE ^fISH-TON-WISH— MERCEDES OF CASTILE— THE MONJKINS— THE BRAVO- 
THE DEERSLAVER-THE PRAJRIE^-THE RED ROVER-WiNO AND WING— WYAN- 
DOTTE, OR THE HUTTED KNOLL; AND THE TRAVELING BACHELOR. 

ALSO, NED MYERS; OR, A LIFE BEFORE THE MAST, 

In one 12mo. volume. Price twenty-five cents. 

AI.SO, OOOPBB'S 8BA TAIsBS, 

In six neat volumes, royal ]2mo., extra clotb. 

COOPBB'S I.BATHBB 8TO0KINO TAIiBS, 

In five n«at volumes, royal 12mo., extra cloth. 



LEA AND BLANCHARD'S PUBLICATIONS. 



BOY'S TREA SURY OF SPORTS. 

■ THE BOY'S TREASURY OF SPORTS, PASTIMES AND RECREATIONS. 

WITH FOUR HUNDRED ILLUSTRATIONS, 
BT 8AMUEI. WIIiIiZAMS. 

M ROW RKADT. 

In one very neat volame, boand in extra crimson doth; handaomely printed and 

illudtrated with engraving! in the first style of art, and containing 

about six hundred and fiAy articles. A present for all seasons. 




PREFACE. 

This illustrated Manual of ** Sports, PastimesAand Recreations," has been prepared with especial 
regard to the Health, Exercise, and Rational Enjoyment of the young readers to whom it is ad^ 
dressed. 

Every variety of commendable Recreation will be found in the following pages. Fbet, vou have 
the Uttle Toys of the Nursery ; the Tops and Karbles of the Play-ground ; ajid the BsJls of the 
Play-room, or the stnoolh Lawn. 

llien, you have a number of Pastimes that serve to gladden the fireside ; to light up many fiK»s 
right joyfully, and make the parlour re-eoho with mirth. 

Next, come the Exercising Sports of the Field, the Green* and the Play-ground ; followed by 
the noble and truly English game of Cricket. 

Gymna-otics are next admitted ; then, the delightful recreation of Swimming ; and the healthful 
sport of Skating. 

Archery, once the pride of England, is then detailed ; and very properly followed tw InstructiiMis 
in tlie j^rmceful accomplishment of Fencing, and the manly and enlivening exercise of Ridmg. 

Angling, the pastime of childhood, boyhood, manhood, and old age, is next described ; and by 
attention to the instructions here laid down, the lad with a stick and a string may soon become aa 
expert Angler. 

Keeping Animals is a favourite pursuit of boyhood. Accordingly, we have described how to rear 
the Rabbit, the Saui^rel, the Dormouse, the Guinea Pig, the Pigeon, and the Silkworm. A long 
chapter is adapted to the rearing of Song Birds ; the several varieties of which, and their respective 
cages, are next described. And here we may hint, that kindness to Animals invariably denotes an 
excellent disposition ; for. to j>f< a little creature one hour, and to treat it harshly the next, marks 
a capricious if not a cruel temper. Humanity is a jewel, which every boy should be proud to wear 
in his breast. 

We now approach the more sedate amusements — as Draughts and Chess : two of the nobliest 
exercises of the ingenuity of the human mind. Dominoes and Bagatelle follow. With a know- 
ledge of these lour games, who would pass a duU hour in the dreariest day of winter ; or who 
would sit idly by the fire ? 

Amusements in Arithmetic, harmless Legerdemain, or sleight-of-hand, and Tricks with Cards, 
will delight many a family circle, when the business of the day is over, and the book is laid aside. 

Although the present volume is a book of amusements. Science has not been excluded firom its 
pages. And why should it be T when Science is as entertaining as a &iry tale. The changes we 
read of in little nursery-hooks are not more amusing than the changes in Chemistry, Optfcs, Eleo- 
tricity, Magnetism, <kc. By understanding these, you may almost become a little Magician. 

Toy Balloons and Paper Fireworks, (or Fireworks without Fire,) come next Then follow In- 
structions for Modelling in Card-Board ; so that you may budd for yourself a palace or a carriage, 
and, in short, make for yourself a little paper world. 

Puzzles and P ' " ' * ^''^" ' " 

of exercise for •' 

maykeepyourf , ^ , . , 

A chapter of Miscellanies— useful and amusmg secrets— winds up the volume. 

The " Treasury" contains upwards of four hundred Engravings ; so that it is not only a collection 
of "secrets worth knowing," but it is a book of pictures, as Aiu of prints as a Christmas pudding 
ia of plums. 

It maybe as well to mention that the "Treasury** holds many new games that have never 
before been printed in a book of this kind. The old games have been described afresh. Thus it 
is, altogether, a new book. 

And now we take leave, wishing you many hours, and days, and weeks of enioyment over tkese 
pages ; and we hope that you may be as happy as this book is brimful of amusement. 
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POPULAR SCIENCE. 



PHILOSOPHY IN SPORT, MADE SCIENCE IN EARNEST, 

BEII^G AN ATTEMPT TO ILLUSTRATE THE FIRST PRIN- 
CIPLES OF NATURAL PHILOSOPHY, BY THE 
AID OF THE POPULAR TOYS AND 
SPORTS OF YOUTH. 

FROM THE SIXTH AND GREATLY IMPROYED LONDON EDITION. 

In one very neat royal 18mo. volume, with nearly one hundred illuatnitiona on wood. 
Fine extra crimson cloth. 

** MesBS. Lea St Blanchard have issued, in a beautiful manner, a handnme book, called ' Philoso- 
phy in Sport, made Science in Earnest.* This is an admirable attempt to illustrate the first prin- 
ciples of Natural Philosophy, by the aid of the popular toys and sports of yonth. Useful informa- 
tion is conveyed in an easy, Kracef ul. yet dignified manner, and raidered easy to the simplest under- 
standing. The book is an admirable one, and must meet with universal favour."— iV. Y. Evenutg 
Mirror. 9 



ENDLESS AMUSEMENT. 

JUST ISSUED. 



ENDLESS AMUSEMENT, 

A COLLECTION OF 

NEARLY FOUR HUNDRED ENTERTAINING EXPERIMENTS 
IN VARIOUS BRANCHES OF SCIENCE, 

INCLUDING 
ACOUSTICS, ARITHMETIC, CHEMISTRY, ELECTRICITY, HYDRAULICS, HYDROSTATICS, 
MAGNETISM, MECHANICS, OPTICS, WONDERS OF THE AIR PUMP, ALL THE 
POPULAR TRICKS AND CHANGES OF THE CARDS, &c., &c 

TO WHICH IB ADDED, 

A COMPLETE SYSTEM OP PYROTECHNY, 

OR THE ART OF MAKING FIRE-WORKS: 

THE WHOLE SO CLEARLY EXPLAINED AS TO BE WITHIN REACH 

OF TH1| MOST LIMITED CAPACITY. 

WITH ILLUSTRATIONS. 

FROM THE SEVENTH LONDON EDITION. 

In one neat royal 18mo. volume, fine extra crimson cloth. 

This work has loiur supplied instractive amusement to the rising venerations in England, and 

will doubtless be hailed with pleasure by those of this country who like (and what boy does not) 

the marvellous tricks and changes, experiments and wonders anbrded by the magic of science and 

juggieiy. 



CHEMISTRY OF THE FOUR SEASONS, 

SPRING, SUMJIIER, AUTUMN, AND WINTER. 

AN ESSAY, PRINCIPALLY CONCERNING NATURAL PHENOMENA, ADMTmNO OF 

INTERPRETATION BY CHEMICAL SCIENCE, AND ILLUSTRATING 

PASSAGES OP SCRIPTURE. 

BY THOMAS aRIFFITHS, 

ntoFsnoB or ciracnTRT a thx medical collbqx or bt. BAXTHOLomvrs HoanrAi* xia 

In one large royal ISmo. volume, witb many Wood-Cats, extra cloth. 

" Chemistry is asraredly one of the most nseftal and interesting of the natural Bdeneea. Chemical 
changes meet us at every step, and during every season, the winds and the rain, the heat an<t the 
frosts, each have their peculiar and appropriate phenomena. And those who have hitherto re- 
mained insensible to these changes tmd mimoved amid sudi remarkable, and often startling n- 
suits, will lose their apathy upon reading the Chemistry of the ' Four Seasons,' and be preparedi to 
enjoy the highest intellectual pleasures. Conceived in a haiHDV spirit, and written witb taste and 
elegance, the essay of Mr. Griffiths cannot fail to receive the ounuration of cultivated minds ; and 
those who have looked less carefully into nature's beauties, will find themselves led on step by 
step, until they realize a new intellectual being. Snnh worlcs. we believe, exert a happy influence 
over society, and hence we hope that the present one may be extensively read."— ine Watem 
LanceL 



LEA AND BLANCHARD'S PUBLICATIONS. 

] POP ULAR SCIE NCE. 

KIRBY AND SPENCE'S E NTOMOLO GY, FOR POPULAR USE. 

AJft ZXTTBOBVOTZOXr TO SXTTOaSOXiOOTT; 

OR, BLETHENTS OP THE NATURAL HISTORY OF INSECTS: COM PPFSTNG AN ACCOUNT 

OF NOXIOUS AND USEFUL INSECTS, OF THEIR METAMORPHOSES, FOOD, 

STRATAGEMS. HABITATIONS, SOCIETIES, MOTIONS, NOISES, 

HYBERNATION, INSTINCT, Ac, «kc. 

l¥ltli Platesi Plain or Colored. 

E7 WILLIAM EIRBY,M.A.,F.R.S., AND WILLIAM SFENOE, ESQ., F.R.S. 

FROM Vn SIXTH L05DON EDITION. WHICH VTAS CORRECTED AND COKSIDBRiUSLT ENULROKD. 

In one large octavo volume, extra cloth. 

•• We hare been greatly interested in ronninjf over the pages of this treatise. Thers is scaroely, in 
the wide range of natural acience, a mure interesting or instructive study than that of inssc^ or 
one than is calculated to ezclta more curiosity or wonder. 

** Tiie popular form of letters is adopted by the authors in importiiig a knowledge of the snblect, 
which renders the work peculiarly fitted fur our district school libraries, which are open to all ages 
and daMBOB."— Hunt's MerchanUf Mogaaime. 

A N S TBTrS^^AJB^^ 

JUST ISSUED. 



THE ANCIENT WORLD. OR, PICTURESQUE SKETCHES OF CREATION. 
BY D. T. ANSTED, M.A., F.R.S., F.G.S., &c. 

PROrSSSOR or OEOLOOT in kino's college, LONDON. 

In one very neat volume, fine extra cloth, with about One Hundred and Fifty IllustratifmB. 
The object of this work is to present to the general reader the chief results of Geol(^cal invegti- 

Ktion in a simple and comprehensive manner. The author has avoided all minute details of geo- 
^cal formations and particular observations, and has endeavoured as for as po68i>)le to present 
striking views of the wonderful results of the science, divested of its mere technicalities. The 
wwk is got up in a handsome manner, with numerous illustrations, and forms a neat volume for the 
centre table. 



GEOLOGY AND MINERALOGY, 

WITH INSTRUCTIONS FOR THE QUALITATIVE ANALYSIS OF MINERALS 

BY JOSHUA TRIMMER, F. G. S. 

With two Hundred and Twelve Wood-Cuts, a handsome octavo volume, bound in embossed cloth. 

This is a systematic introduction to Mineralogy, and Geology, admirably calculated to instruct 

the student in those sciences. The organic remains of the various formations ara well illustrated 

by numerous figures, which are drawn with great accuracy. 



NEW AND COMPLETE MEDICAL BOTANY. 

NOW READY. 

KBBXOAZ. BOTAXrir, 

OR. A DESCRIPTION OF ALL THE MORE IMPORTANT PLANTS USED IN MEDICINE. 

AND OF THEIR PROPERTIES, USES AND MODES OF ADMINISTRATION. 

BY R« K6I«BSFBIiD GRIFFITH, M.D., Ac, Ao« 

In one large octavo volume. With about three hundred and fifty Illustrations on Wood. 

A POPULflFriEAiirirviGE^^ 

PUBLISHED UNDER THE AUSPICES OF THE SOCIETY FOR THE PROMOTION OP 

POPULAR INSTRUCTION; WITH NUMEROUS WOOD-CUTS. 

BT "VT, B. CARPENTER. 

In one volume, 12mo., extra cloth. 



A TREATISE ON COMPARATIVE ANATOMY AND PHYSIOLOGY, 

BY W. B. CARPENTER. 

REVISED AND MUCH IMPROVED BY THE AUTHOR. WITH BEAUTIFUL STEEL PLATES. 
(New preparing.) 

OARPBKTER'S AXTZMAZ. PHlTSZOIiOOir, 

WITH ABOUT THREE HUNDRED WOOD-CUTS. 
(Preparing.) 



LEA AND BLANCHARD'S PUBLICATIONS. 

HUMAN HEALTH: 

OE, THE INFLUENCE OP ATMOSPHERE AND LOCALITY, CHANGE OP AIR AND 

CLIMATE, SEASONS, FOOD, CLOTHING, BATHING, MINERAL SPRINGS, 

EXERCISE, SLEEP, CORPOREAL AND MENTAL PURr 

SUITS, Ac., <fec., ON HEALTHY MAN, 

CONSTITUTING ELEMENTS OF HYGIENE. 

BY EOBLEY DUNGUSON, M.D.,&c.,&c. 
In one octavo volume. 
*«* Persons in the pursuit of health, as well as those who desire to retain 
it, would do well to examine this work. The author states the work has 
been prepared *' to enable the general reader to understand the nature of 
the actions of various influences on human health, and assist him in adopt- 
ing such means as may tend to its preservation: hence the author has 
avoided introducing technicalities, except where they appeared to him indis- 
pensable.'' 

BEMARKS ON THE INFLUENCE OP MENTAL EXCITEMENT, 

AND MENTAL CULTIVATION UPON HEALTH.. 
BT A. BRiGHAXkl, Zkl.D. 

Third edition ; one volume, 18mo. 

A TREATISE ON 

GOBZrS, BirKZOXrS, THS BZSEJLSES of THB XVAZXiS, 

AND THE aSNERAL MANAGEMENT OF THE FEET. 
BY LEWIS DURLACHER, 

BUKOEON CHIROPODIST TO THE QUBKK. 

Ill one duodecimo volume, cloth. 

BRZDOZiWiLTEB TRZSiLTZSBS. 

The whole complete in 7 vols. 8vo., various bmdings, 

COXTAININO: 

ROGET'S ANIMAL AND VEGETABLE PHYSIOLOGY, in 2 vols., with many cuts. 
KIRBY ON THE HISTORY, HABITS AND INSTINCT OF ANIMALS, 1 voL, with plates. 
PROUT ON CHEM1STRY-CHALMER3 ON THE MORAL CONDITION OF MAN-WHEWELL 

ON ASTRONOMY— BELL ON THE HAND-KIDD ON THE PHYSICAL CONDITION OF 

AIAN, 2 volumes. 
BUCKLAND'S G£OIX)GY, 2 vols., with nnmerons plates and maps. 

Roget, Buckland, and Kirby are sold separate. 



THE DOMESTIC MANAGEMENT OF THE SICK ROOM, 

NECESSARY, IN AID OF MEDICAL TREATMENT, FOR THE CXHIE OF DISEASES. 

BY A. T. THOMSON, M.D.,&c. &c. 

First American, from the Second London Edition. Edited hy R. E. GRimTH, M. D. 

In one royal ]2mo. volume, extra cloth, with cuts. 

" There is no interference with the duties of the medical attendant, but sound, sensible, and 

clear advice what to do, and how to act, so as to meet unforeseen emergencies, and co-opexate 

with professional skill."— Literary Oazette. 

THE MIu¥r7g^^ 

BY OLIVER EVANS. 

THE TWELFTH EDITION, 

WITH ADDITIONS AND CORRECTIONS, BY THE PROFESSOR OF MECHA- 

NICS IN THE FRANKLIN INSTITUTE OP PENNSYLVANIA, 

AND A DESCRIPTION OF AN IMPROVED MERCHANT FLOUR HILL. 

WITH EHOB^VraOS. 

BY O. & O. EVANS, ENaiNEEBS. 
This is a practical work, and has had a very extended sale. 
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JOHNSON AND LANDRETH ON FRUIT, KITCHEN, 
AND FLO WER GA RDENING, 

A DICTIONARY OF MODERN GARDENING, 

BY aEOBGE WILLIAM JOHNSON, ESQ. 
Author of the ** Prinoiplea of Practical Oardening," ** The Gardener's Almanac," &o. 

WITH ONI HTTHDREO AKD BIOHTT WOOD-CUTfl. 

EDITKD, WITH NUMEROUS ADDITIONS, BY DAVID LANDRETH, OP PHILADELPHIA. 

In one lai|e royal daodedmo volame, extra cloth, of nearly Six Handred and Fifty 
double oolumued Pagea. 
This edition has been neatly altered from the original Many articles of little interest to Ameri- 
cans haye been curtailed or wholly omitted, and much new matter, with numerous illustrotiona, 
added, especially with respoet to the varieties of fruit which experience has shown to be peculiarly 
adapted to our climate. Still, the editor admits that he has only followed in the path so admirably 
manced out by Mr. Johnson, to wnam the chief merit of the work belongs, it has been an ol:4e<^ 
with the editor and publishers to increase its popular character, thereby adapting it to the larger 
class of horticultural readers in this countiy, and they trust it will prove what they have desired it 
to be, an Encyclqpsdla of Gardening, if not of Rural Afijours, so condensed and at such a price as to 
be within nach of nearly all whom those suhjeets interest. 

" This is a useful omnpendium of all that deaeiiption of information which is valuable to the 
modem gardener. It quotes largely from the best standard authors, journals, and transactions of 
societies ; and the labours o( the American editor have fitted it for the United States, by judicious 
additions and omissions. The volume is abundantly illustrated with figures in the text, embracing 
a judicious selection of those varieties of firuits whica experience has ahown to be well smted to the 
United States.— <SliUtman'« JournaL 

" This is the most valuable work we have ever seen on the subject of gardening ; and no man of 
taste who can devote even a quarter of an acre to horticulture ought to oe without it Indeed hif 
dies who merely cultivate flowers unthin-doort, will find this book an excellent and convenient 
counsellor. It contains one hundred and eighty wood-cut iUustraticms, which give a distinct idea 
of the fruits and garden-arrangements they are intended to represent 

" Johnson's Dictionary of Gardening, edited by Landrrth, is handsomely printed, well-bound, and 
•old at a price which puts it within the reach of all who would be likely to buy iU'—Evergrem. 

THE COM PLETE FLORIST. 

A aSAXTTTAZi OF OARDEIVZXrO, 

CONTAINING PRACTICAL INSTRUCTION FOR THE MANAGEMENT OF GREENHOUSE 

PLANTS, AND FOR THE CULTIVATION OF THE SflRUBBERY-THE FLOWER 

GARDEN, AND TOE LAWN— WITH DESCRIPTIONS OF THOSE PLANTS 

AND TREES MOST WORTHY OF CULTURE IS EACH 

DEPARTMENT. 

"WITH ADDITIONS AND AlMEENDItflENTS, 

ADAPTED TO THE CLIMATE OF THE UNITED STATES. 
In one small volume. Price (mly Twenty-five Cents. 



THE COMPLETE KITC HEN A ND FRUIT GARDENER. 

A SELECT MANUAL OF KITCHEN GARDENING, 

AND THE CULTURE OP FRUITS, 

CONTAINING FAiHLUR DIRECTIONS FOR THE MOST APPROVED PRACTICE IN EACH 

DEPARTMENT, DESCRIPTIONS OF MANY VALUABLE FRUITS, AND A 

CALENDAR OF WORK TO BE PERFORMED EACH 

MONTH IN THE YEAR. 

THE WHOLE ADAPTED TO THE CLIMATE OF THE UNITED STATES. 
In one small volume, paper. Price only Twenty-five Centa. 

ULNDRETH'S RTJRAIj REaiSTER AND ALMANAC, FOR 1848, 

WITH NUMEROUS ILLUSTRATIONS. 



STILL ON HAND, 
A TEJXr COPIES OF THE REGISTER FOR 1847, 

WITH OVER ONE HUNDRED WOOD-CUTS. 

This work has 150 large 12mo. pages, double columns. Though published annually, and contam- 
ing an almanac, the principal part of the matter is of permanent utility to the horticulturist and 
lanner. 
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YOUATT AND SKINNER'S 

STANDARD WORK ON THE HORSE. 



THE HORSE. 

BY WILLIAM YOUATT. 

▲ NEW EDITION, WITH NUMEROUS ILLUSTRATIONS. 
TOaSTHBR WITH ▲ 

aENBRAI. HXSTO&Y OF THE H0&8E; 

▲ 0I88BRTATI0N ON 

THE AMERICAN TROTTING HORSE; 

HOW TRAINED AND JOCKEYED. 

AN ACCOUNT OF fflS REMARKABLE PERFORMANCES; 

AND 

Air ESSATT OK THB ASS AKB THB MUZJE!, 

BT J. S. SKINNER, 

Asnstant Post-Master-General, and Editor of the Torf Register. 
« 
This edition of Youatt's well-known and standard work on the Manage- 
ment, Diseases, and Treatment of the Horse, has ab-eady obtained such a 
wide circulation throughout the country, that the Publishers need say no- 
thing to attract to it the attention and confidence of all who keep Horses or 
are mterested in their improvement. 

*'In introducing th» reiy neat edition of Yooattli well-known book, on *The Horse,' to oar 
readers, it is not necessary, even if we had time, to say anything to convmce them of its worth ; it 
has been highly spoken of, 1^ those most capable of appreciating its merits, and its appearance 
under the patronage of the 'Society for the Diflfbsion of UseM Knowledge,' with Lord Brougham 
at its head, affinds a ftall guaranty for its high character. The book is a veiy valuable one, and we 
endorse the recommendation of the editor, that every man who owns the ' hair of a horse,' should 
have it at his elbow, to be consulted like a family physician, 'for mitigating the disorders, and pro- 
longing the life of the most interesting and useful of all domestic animals.' "^Faarmer'i Cdbkui. 

"This celebrated woik has been completely revised, and much of it almost entirely re-written 
by its able author, who, fh)m bemg a practical veterinary surge<m, and withal a great lover and 
excellent judge of the animal, is particularly well qualified to write the history of the noblest of 
quadrupeds. Messrs. Lea and Blanchard of Philadelphia have republished the above woiic, omitting 
a few of the first pages, and have supplied their place with matter quite as valuable, and periiaps 
more interesting to the reader in this coun^ ; it being nearly 100 pages of a general history of the 
horse, a dissertation on the American trotting hone, how trained and jockeyed, an account of his. 
remarkable performances, and an essay on the Ass and Mole, by J. S. Skinner, Esq., Assistant Post- 
master-General, and late editor of the Turf Register and American Farmer. Mr. Skinner is one 
of our most pleasing writers, aBd has been feuniliar with the subject of the horse from diildhood, 
and we need not add that he has acquitted himself well of the task. He also takes up the import- 
ant subject, to the American breeder, of the Ass, and the Mule. This he treats at length and eon 
amore. The Philadelphia edition of the Hone is a handscmie octavo, with numerous wood-cuts."— 
American Agriculturist. 
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YOUATT ON THE PIG. 



TBS pzaj 

A TREATISE ON THE BREEDS, MANAGEMENT, FEEDING, 
AND MEDICAL TREATMENT OF SWINE, 

WITH DIRECTIONS FOR SALTING FORE, AND CURINO BACON AND HAMS. 

BY WILLIAM YOUATT, V.S. 

Author of "The Horae," " The Dog," "Cattle," •* Sheep," &&, &c 

ILLD8TB&TXD WITH XROXATIKOS DBikWR FROM LIFE BY WILLUM HABVKT. 

In one handsome duodecimo volume, extra cloth, or in neat paper cover, price 50 cents. 
This work, on a subject coraptratively neglected, must prove of much use to furmers, especbilly 
in this country, where the Pig is an animal of more importance than elsewhere. No work has 
hitherto appeared treating fully of the various breeds of swine, their diseases and cure, breeding, 
fhttening, &c., and the preparation of bacon, salt pork, hams. &c., while the name of the author of 
" The Horse," " The Cattle Doctor," &o., is sufficient authority for all he may state. To render it 
more accessible to those whom it particularly interests, the publishers have prepared copies in 
neat illustrated paper covers, suitable for transmissioa by mail ; and which will be sent through 
the post-office on the receipt ctf fifty cents, free of postagv. 



CLATER AND YOUATFS CATTLE DOCTOR. 



EVERY MAN HIS OWN CATTLE DOCTOR: 

CONTAINING THE CAUSES, SYMPTOMS AND TREATMENT OP ALL 

DISEASES INCIDENT TO OXEN, SHEEP AND SWINE ; 

AND A SKETCH OF THE 

ANATOMY AND PHYSIOLOGY OF NEAT CATTLE. 

BY FEANOIS OLATER. 

EDITED, REVISED AND ALMOST RE-WRITTEN, BY 

WILLIAM YOUATT, AUTHOR OP "THE HORSE/* 

WITH NUMEROUS ADDITIONS, 
EMBRACING AN ESSAY ON THE USE OF OXEN AND THE IMPROVEMENT IN THE 
BREED OF SHEEP, 
B7 J. S. SKINNER. 
WITH NUMEROUS CUTS AND ILLUSTRATIONS. 
In one 12nio. volume, cloth. 
" As its title would import, it is a most valuable work, and should be in the hands of every Ame- 
rican former ; and we feel proud in saying, that the value of the work has been greatly enhanced 
by the contributions of Mr. Skinner. Clater and Youatt are names treasured by the farming com- 
munities of Europe as household-gods ; nor does that of Skinner deserve to be less esteemed ia 
America."— ilmmcan Farmer. 



CLATER'S FARRIER. 



EVERY MAN HIS OWN FARRIER: 

CONTAINING THE CAUSES, SYMPTOMS, AND MOST APPROVED METHODS OF CURE 
OF THE DISEASES OF HORSES. 

BIT FRAXrOZS 0Z.ATZ8B, 

Author of " Every Man his own Cattle Doctor," 

ANDHIS SON, JOHN CLATER. 

FIRST AMERICAN FROM THE TWENIT-EIGHTH LONDON EDITION. 

WITH NOTES AND ADDITIONS, 

BIT J. S. SKZ»rX7BB. 

In one 12mo. volume, cloth. 



LEA AND BLANCHARD'S PUBLICATIONS. 

HAWKER AND P ORTER ON SHOOTrttC. 

INSTRUCTIONS TO YOUNG SPORTSMEN 

IN ALL THAT RELATES TO GUNS AND SHOOTING. 
BT lilEUT. COL. P. HAWKER. 

FBOM THE ENLARGED AMD IHFBOYED KINTH LONDON EDITION. 

TO WHICH IS ADDED THE HUNTING AND SHOOTING OF NORTH AMEKICA. WITH 

DESCRIPTIONS OF ANIMALS AND BIRDS, CAREFULLY COLLATED 

FROM AUTHENTIC SOURCES. 

BT 1¥. T. PORTER, ESCt* 

EDITOB or THE N. T. BFIBIT OV THE TIMES. 

In one large octaro rolume, rich extra cloth, with numemas Illastrations; 

" Here is a book, a hand-book, or rather a text-book— one that contains the irtiole routine of the 
science. It is the Primer, the Lexioon, and the Homer. Everything; is here, from the minatest 
portion of a gun-lock, to a dend BuiTalo. The sportsman who reads this book understandingly, may 
pass an examination. He will know the science, and may give advioe to others. Every sportsman, 
and sportsmen are plentiful, should own this woiic. It should be a " vade mecum." He should 
be examined on its contents, and estimated by his abilities to answer. We have not been without 
treatises on the art, but hitherto thev have not descended into all the minutis of equipments and 
qualifications to proceed to the codlpletion. This work supplies deficiencies, and completes the 
sportsman's Ubrary."— K -S. Oazette. 

''No man in the country that we wot of is so well calculated as our friend of the ' Spirit' for the 
task he has undertaken, and the result of his laboois has been tliat he has turned out a work which 
should be in the hands of every man in the land who owns a double-barrelled gun."— ^. O. Picaytme. 

" A volume splendidly printed and bound, and embellished with numerous beautiful engravings, 
which will doubtless be m great demand. No sp9rt8man, indeed, ou£^t to be without it, while the 
general reader will find in its pages a fund of curious and useful information.**— iitcAiruMid Whig. 



YOUATT ON THE DOG. 



THB DOG, 

BY WILLIAM YOUATT, 

Author of " The Horse," itc 

WITH NUMEROUS AND BEAUTIFUL ILLUSTRATIONS. 

EDITED BY E. J. LEWIS, M.D. &o. &c. 

In one beautifully printed V(dume, crown octavo. 

LIST OF'PLATES. 

Head of Bloodhound— Ancient Greyhounds— The Thibet Dog— The Dineo, or New Holland Dog— 

The Danish -or Dalmatian Dgr- The Hare Indian Dog— The Greyhound— The Greciai^ Greyhound 

^Blenheims and Cockers— The Water Spaniel— The Poodle— The Alpuie Spaniel or Bemardine 

Dog— The Newfoundland Dog— The Esquimaux Dog— Tlie English Sheep Dog^-The Scotch Sheep 

Dog— The Beagle— The Harrier— The Foxhound— Ran of Goodwood Kennel— The Southern 

Hound— The Setter— The Pointer— The Bull. Dog— The Mastiff— The Terrier— Skeleton of the 

Dog— I'eeth of the Dog at seven difierent ages. 

« Mr. Youalt's work is invaluable to the student of canine history; it is full of entertaining and 
instructive matter for the general reader. To the sportsman it commends itself by the large amount 
of useful information in reference to his pecuUar pursuits which it embodies— information v^ch 
he cannot find elsewhere in so convcyiient and accessible a form, and with so reliable an authority 
to entitle it to his consideration. The modest preface which Dr. Lewis has made to the American 
edition of this work scarcely does justice to the additional value he has imparted to it ; and the 

Sublishers are entitled to great credit for the handsome manner inr which they have got it up.**— 
forth American. ^.^.o^..^^-.^,-.....,..^^^,....,,.,,.,.^,^...^^ 

THB SPORTS XffiLXr'S ZiZBRiLRir, 

OR HINTS ON HUNTERS, HUNTING, HOUNDS, SHOOTING, GAME. DOGS, GUNS, 

FISHING, COURSING, <Scc., <kc. • -» 

BY JOHN MILLS, ESQ., 

Author of "The Old English Geirtleman," &c 

In one well printed royal duodecimo volume, extra cloth. 

STABi^B^T^AX]KTAJWr^^^ 

OR SPECTACLES FOR FOUNG SPORTSMEN. 

BY HARRY HIEOVER. 

In one very neat duodecimo volume, extra cloth. 

"These lively sketches answer to then- title very well. Wherever Nimrod is weloeme.thMe 

should be cordial greeting for Harry Hieover. His book is a very clever aae, and «r>nfa»inf many 

instructive hints, as well as much light-hearted reading."— Enomner. 

/ THB ^aloa^^£LV^^T^^ 

EMBRACING THE USES, BREEDING, TRAINING, DISEASES, ETC., OF DOGS/aND AN 

ACCOUNT OF THE DIFFERENT KINDS OF GAME, WITH THEIR HABITS. 

Alsoy Hints to Shooters, i^rltli -rarions useful Recipes, 4&o«9 Ste* 

BT J. S. SKINNER. 

With Plates. In one very neat 12mo. volume, extra cloth. 



LEA AND BLANCHARD'S PUBLICATIONS. 

FRANCATELLI'S MO DERN FRENCH COOKCRY. 

THE MODERN COOK, 

A PRACTICAL GUIDE TO THE CULINARY ART, IN ALL ITS BRANCHES, ADAPTED AS 

WELL FOR THE LARGEST ESTABLISHMENTS AS FOR THE USE 

OF PRIVATE FAMILIES. 

BY CHARLES ELMlfc PRANCATELLI, 

Piqiil of the celebrated Careme, and late Moitre D'Hutel and Chief Cook to her Ht^esty the Queen. 
In one large octavo volume, extra cloth, with numerous illustrations. 

** It apiMara to be the book of books on cookery, being a most comprehensive treatise on that art 
presenratsro and couservative. The work comprises, in one large aud elegant octavo volume. 1417 
recipes for eooklnc dishes and desserts, with numerous illustrations ; also bills of fare and direc- 
tions for dinners rar ereiy month in the year, for companies of six persmis to twenty-eight.— Aizl. 
iHteUigencar. 

*'The ladies who read our Magazine, will thank us for calling attention to this great work on the 
noble scJence of cooking, in which everybody, who has any taste, feels a deep and abiding interest 
Francatelh is the Plato, the Shakapeare, or the Napoleon of his department; or perhaps the La 
Place, for bis performance bears tM same relation to ordinary cook books that the Mecanique 
Celesta does to DaboU's Arithmetic. It is a large octavo, profusely illustrated, and contains evray- 
thing on the philosophy of making dinners, suppers, etc. , that is worth knovring.— GroAom's Magazine. 



MISS ACT ON'S COOKERY. 

KOBBBZr OOOKBRTT ZIT AZ.X. XT8 B&AXrOBBS, 

REDUCED TO A SYSTEM OF EASY PRACTICE. FOR THE USB OP PRIVATE FAMILIES. 
IN A SERIES OF PRACTICAL RECEIPTS. ALL OF WHICH ARE GIVEN 
' WITH THE MOST MINUIE EXACTNESS. 

BY EI<IZA ACTON. 

WITH NUMEROUS WOOD -CUT ILLUST-RATIONS. 
TO WHICH IS ADDED, A TABLE OP WEIGHTS AND MEASURES. 

THK WHOLE BKVI8E0 AlTD PREPARED TOR AMERICAK HOU8EKXEPER8. 

BY MRS. SARAH J. HALE. 
From the Second London Edition. In one large 12mo. volume. 
"Miss Eliza Acton may congratulate herself on* having composed a work of great utility, and one 
that is speedily finding its way to every 'dresser* in the kingdom. Her Cookeiy-book is unques- 
tionably the most valuable compendium of the art that has yet been published. It strongly incul- 
cates economical principles, and points out how good things may be concocted without that reck- 
less extravagance which good cooks have been wont to imagine the best evidence they can give of 
skill in their profession."— Xoiu2on Morning Post. 

n^^Toim 

PLAIN AND PRACTICAL DIRECTIONS FOR COOJING AND HOUSEKEEPING, 

VrZTH UPWARDS OP SEVEN HUNDRED RECEIPTS, 

Consisting of Directions for the Choice of Meat and Poultry, Preparations for Cooking; Making of 

of PastiyT^ 



Directions for making Wines. 

WITH ADDITIONS AND ALTERATIONS. 

BY J. M. SANDERSON, 

OF THE FRANKUir HOUSE. 

In one small volume, paper. Price only Twenty-five Cents 

THE COMPLETflMWFECTiONE ^^ BAKER. 

PLAIN AND PRACTICAL DIRECTIONS 

FOR MAKING CONFECTIONARY AND PASTRY, AND FOR BAKING. 

"WITH UPWARDS OP FIVE HUNDRED RECEIPTS, 

Consisting of Directions for making all sorts of Preserves, Sugar Boiling, Comfits, Lozenges, 

Ornamental Cakes, Ices, Liqueurs, Waters, Gum Paste Ornaments, byrups, Jellies, 

Marmalades, Compotes, Bread Baking. Artificial Yeasts, Fancy 

Biscuits, Cakes, Rolls, MufiBjis, Tarts, Pies, <kc., &c. 

WITH ADDITIONS AND ALTERATIONS. 

BY PARKINSON, 

FRACnCAL CONFECTIONER, CHESTNUT STREET. 

In one small volume, paper. Price only Twenty-five Cents. 



LEA AND BLANCHARD'S PUBLICATIONS. 



SCHOOL BOOKS. 



SCHMITZ AND ZUMPT'S CLASSICAL SERIES. 
V014VMX1 I. 

C. JUJLiII CJBSARIS 

COMMENTARII DE BELLO GALLICO. 

WITH AN INTRODUCTION, NOTES, AND A GEOGRAPHICAL INDEX IN ENGLISH, 
ALSO, A MAP OF GAUL, AND ILLUSTRATIVE ENOaAVINGa 
In one handsome ISmo. yolome, extra cloth. 
This Series has been placed under the editorial management of two eminent scholars 
and practical teachers, Dr. Schmitz. Rector of the Uigh School, Edinburgh, and Dr. 
ZuMPT, Professor in the University of Berlin, and will combine the following advan- 
tages:— 

1. A gradoally ascending series of School Books on a uniform plan, so as to constitute within a 
definite number, a complete Latin Curriculum. 

2. Certain arrangements in the rudimentary Tolumes, which will insure a fair amount of know- 
Ieds:e in Roman literature to those who an not designed for professional life, and who therefore 
will not require to extend their studies to the advanced portion of the series. 

3. The text of each author will be such as has been constituted br the most recent collations of 
manuscripts, and wiU be prefaced br biofrrapliical and critical sketches in English, that pupils may 
be made awmre of the character and peculiarities of the work they are about to study. 

4. To remove difSculties, and sustain an interest in the text, explanatory notes in English will 
be placed at the foot of each page, and such comparisons drawn as may serve to unite the liistoiy 
of toe past with the realities of modem times. 

5. The works, generally, will be embellished with maps and iHustratire engravings,— accompani- 
ments which will greatly assist the student's comprehension of the nature of the countries and 
leading circumstances described. 

6. The respective volomes will be issued at a price considerablT less than that usually charged ; 
and as the texts are from the most eminent sources, and the whole series constructed upon a de- 
terminate plan, the practice of issuing new and altered editions, which is complained of aUke by 
teachers and pupils, will be altogether avoided. 

From among the testimonials which the publishers have received, they append the 
following to show that the design of the series has been fully and successfully carried 
out;— 

Central High &)k^, PhOa., June 29, 1847. 
Gentlemen :-~ 

I have been much pleased with your edition <rf OesarVi Gallic Wars, being part of Schmitz and 
Zumpt's classical series for schools. The work seems happily adapted to the wants of learners. 
Tlie notes contain much valuable information, concisely and accurately expressed, and on the points 
that really require elucidation, while at the same time the book is not rendered tiresome and ex- 
pensive by a useless array of mere learning. The text is one in high repute, and your reprint of it 
18 pleasing to the eye. I take great pleasure in commending the publication to the attention of 
teachers. It will, I am persuaded, commend itself to all who give it a foir examination. 

Very Kespectfolly, Your Obt. Servt., 

JOHN S. HART, 
To Messrs. Lea &. Blanchard. Principal Phila, High School 

OenOemen.- June 28,1817. 

The edition of "Csesar's Commentaries,'* embraced hi the Classical Section of Chambers's Edu- 
cational Course, and given to the world under the auspices of Drs. Schmitz and Zumpt has re- 
ceived from me a candid examination. I have no hesitation in saying, that the design expressed in 
the notice of the publishers, has been successfully accomplished, and that the work is well calcu- 
lated to become popular and usefuL The texf appears to be unexceptionable. The tmnotaUons 
embrace in condensed form such valuable information, as must not only facilitate the research of 
the scholar, but also stimulate to further inauiry, without encouraging uidolence. This is an im- 
portant feature in the Tif(ht prosecutkm of dassioal studies, which ought to be more generally un- 
derstood and appreciated. , , ^ H. HAVERSTICK, 

Prof. QfAnaettt Languages, Cerdral High School, Phila. 
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VOIiUHB II. 

P. VIRGILII MARONIS CARMINA. 

NEARLY READY. 



LEA AND BLANCHARD'S PUBLICATIONS. 



SCHOOL BOOKS. 



BIRD'S NATURAL PHILOSOPHY. 

NOW READY. 



ELEMENTS OP STATURAL PHILOSOPHT, 

■DNO AN EXPERIMENTAL INTRODUCTION TO THE PHYSICAL SCIENCES. 
XLLOSTKATKD WITH OVER THREE HUNDSBO WOOD-CUTE. 

BY GOLDING BIRD, M.D., 

AflsiBtant Physician to Gujr's HospitaL 

FROM THE THIRD LONDON EDITION. 

In one neat volume. 

" B7 the appearance of Dr. Bird's work, the stndent has now all that he can desire in one neat, 
concise, and well-digested volame. Tlie elements of natural philosophy are explained in veiy Bim- 
ple language, and illustrated by numerous wood-cnta."— Medical Oazette. 



ARNOT rS PH YSICS, 

ELEMEItiTS OF PHYSICS; OR, NATURAL PHILOSOPHY, 

GENERAL AND MEDICAL. 

'WRITTEN FOR UNIVERSAL USE, IN PLAIN, OR NON-TECHNICAL LANGUAGE. 

BT NIELL ARNOTT, IVI.D. 

A NEW EDITION, BT ISAAC HAYS, M.D. 

Complete in one octavo volume, with nearly two hundred wood-cats. 

This standard work has been long and forourably known as one of the best popular expositions 
of the interesting science it treats ofl it is extensively used in many of the first seminaries. 

ELEMENTARY CHEMISTRY, THEORETICAL AND PRACTICAL. 

BY GEORGE FO WNES, Ph. D., 

Chemical Lecturer in the Middlesex Hospital Medical School, <&c., ice 

WITH NUMEROUS ILLUSTRATIONS. 

EDITED, WITH ADDITIONS, 

BY ROBERT BRIDGES, M. D., 

Professor of General and Pharmaceutical Chemistry in the Philadelphia College of Pharmacy, «SKC.,«ka 

SECOND AMERICAN EDITION. 

In one large duodecimo volume, sheep or extra cloth, with nearly two 

hundred wood-cuts. 

The character of this work is such as to recommend it to all coUegres and academies in want of a 
text-book. It is fully bronerht up to tlie day, containinR all the late views and discoveries that have 
so entirely chanRed the face of the scienoe, aud it is completely illustrated with very numerous 
wood engravinps, explanatory of all the different processes and forms of apparatus. Though strictly 
stientific, it is written with great clearness and simplicity of style, rendermg it easy to be compre- 
hended by those who are commencing the study. 

It may be had well bound in leather, or neatly done up in strong cloth. Its low price places it 
within the reach of alL 



BREWSTER'S OPTICS. 



EZiEMZSITTS OFOPTZOS, 

BY SIR DAVID BREWSTER. 

WITH NOTES AND ADDITIONS, BY A. D. BACHE, LL.D. 

Superintendent of the Coast Survey, <tc. 

In one volume, 12mo., with numerous wood-cuts. 



LEA AND BLANCHARD'S PUBLICATIONS. 



SCHOOL BOOKS. 



. BOLMAR'S FRENCH SERIES. 

New editions of the following works, by A. Bolmar, forming, in con- 
nection with "Bolmar's Levizac," a complete series for the acquisition of 
the French language. 

A SELECTION OF ONE HUNDRED PERRIN'S FABLES, 

ACCOMPANIED BY A KEY, 

Containing the text, a literal and free translation, arranged in such a manner as to 

point out the difference between the French and English idiom, &c., in IvoL, 152mo. 

'^ A COLLECTION OF COLLOQUIAL PHRASES, 

ON EVERY TOPIC NECESSARY TO MAINTAIN CONVERSATION, 
Arrfuiged under different heads, with numerous remarks on the peculiar pronunciation 
and uses of various words; the whole so disposed as considerably to facilitate the 
acquisition of a correct pronunciation of the French, In 1 vol., 18mo. 

LES AYENTURES DE TELEJUAQUE PAR FENELON, 

In 1 vol., 12mo., accompanied by a Key to the first eight books, in 1 vol., ISmo., con* 
taining, like the Fables, the text, a literal and free translation, intended as a sequel 
to the Fables. Either volume sold separately. 

ALL THE FRENCH VERBS, 

Both regular and irregular, in a small volume. 

""irmTRTpmrcsT" 

NOW READY. 



PRINCIPLES OF PHYSICS AND METEOROLOGY, 

BY J. MULLER. 

Professor of Physics at the University of Friebure. 

nxraTBATED WTTH mUBLT TTVZ HTTKORED AWD FIFTT ENORAVINOS ON WOOD, AKD TWO 
COLORED PLATES. 

In one octavo volume. 
This Edition is improved by the addition of various articles, and will be found in 
every respect brought up to the time of publication. 

** The Physics of Muller is n work, superb, complete, uniqne : the preatest want knowii to Eng:- 
lish Science conld not have been better supplied. The work is of suipftssirig interest. The value 
of this contribution to tlie scientific records of this country may be duly estimated by the fact, thnt 
the cost of the origiual drawings and engravings aloue has exceeded the sum of 20WU'—Lanut, 
Mareh, 1847. 

jLJsr jbltImAS of Aurci^vrT GzsoaxiAPHir, 

BY SAMUEL BUTLER, D.D., 

Late Lord Bishop of Litchfield, 

COIVTAININO TWENTT-ONE COLOURED HAPS, AND A COMPLETE ACCENTUATED INDEX. 

In one octavo volume, half-bound. 



BUTLER'S AN CIENT GEOGRAPHY. 

GXIOaXlA.PHX/k CI.A.SSIOA., 

OR, THE APPLICATION OP ANCIENT GEOGRAPHY TO TUE CLASSICS, 

BY SAMUEL BUTLER, D.D., F.R.S. 

REVISED BY HIS SON. 

FIFTH AMERTCAir, FROM TMB LAST LONDON EDITION, 

WITH QUESTIONS ON THE MAPS, BY JOHN FROST. 
In one duodecimo volume, half-bound, to match the Atlas. 



LEA AND BLANCHARD'S PUBLICATIONS. 



SCHOOL BOOKS. 



WHITE'S UNI VERS AL HISTORY. 

LATELY PUBLISHED, 

BIiBMaiTTS OF VirZVXIXlS AI. HZBTORT, 

ON A NEW AND SYSTEMATIC PLAN; 

FROM THE EARLIEST TIMES TO THE TREATY OP VIENNA ; TO WHICH IS ADDED A 

SUMMARY OP THE LEADING EVENTS SINCE TILVT PERIOD, FOR THE 

USE OF SCHOOLS AND PRIVATE STUDENTS. 

BY H. IVHITE, B.A., 

TBIHITT OOLLEOB, OAMBKIDOB. 

WITH ADDITIONS AND QUESTIONS, 
BT JOHN S. HART, A.M., 

Principal of the Philadelphia ICgfa Sdiool, and Professor of Moral and Mental Science, &e., Ac 
In one volunie, large duodeeimo, neatly bound with Maroon Backs. 

This work is arranged on a new plan, which is believed to combine the 
advantages of those tormerlv in use. It is divided into three parts, corre- 
sponding with Ancient, Middle, and Modem History ; which parts are again 
subdivided into centuries, so that the various events are presented in the 
order of time, while it is so arranged that the annals of each country can be 
read consecutively, thus combining the advantages of both the plans hitherto 
pursued in works of this kind. To guide the researches of the student, 
there will be found numerous synoptical tables, with remarks and sketches 
of literature, antiquities, and manners, at the great chronological epochs. 

The additions of the American editor have been principally confined to 
the chapters on the history of this country. The series of questions by him 
will be found of use to those who prefer that system of instruction. For 
those who do not, the publishers have had an edition prepared without the 
questions. 

This work has already passed through severkl editions, and has been 
introduced into many of the higher Schools and Academies throughout the 
country. From among numerous recommendations which they have re- 
ceived, the publishers annex the following from the Deputy Superintendent 
of Common Schools for New York : 

Secretary's Office, > State of New York. 

Department of Common Schools. 5 AJU>any, Oct. UtA, 181& 

Messrs. Lea 4- Blanchard: 

Gentlemen :— I have examined the copy of "White's Uniyersal History," which you were so 
obliging^ as to send me, and cheerfolly and fally concur in the commendations of its value, as a com- 
prehensive and enlightened survey of the Ancient and Modern World which many of the most com- 
petent judges have, as I perceive, already bestowed upon it. It appears to me to be admirably 
adapted to the purposes of our public schools ; and I unhesitatingly approve of its introduction into 
those seminaries of elementary instruction. Very respectfully, your obedient servant, 

SAMUEL S. RANDALL, 
Deputy Superintendent Common Schools, 
This work is admirably calculated for District and other libraries : an edition for that pnrpose 
without questions has been prepared, done up in strong cloth. 



HERSCHEL L^S AS TRONOMY. 

A TRZSiLTISZS OUT iLSTROK OXXIT, 

BY SIR JOHN F. W. HERSCHELL, P. R. S., &c. 

WTFH NUMEB0U8 PLATES AND WOOD-CUTS. 

A NEW EDITION, WITH A PREFACE AND A SERIES OF QUESTIONS, 

BY S. 0. WALKER. 

In one volume, 12mo. 



